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(57) Abstract: Novel compounds of the structural formula (I) are antagonists and/or inverse agonists of the Cannabinoid-1 (CBl) 

receptor and are useful in the treatment, prevention and suppression of diseases mediated by the CBl receptor. The compounds of the 
present invention are useful as centrally acting drugs in the treatment of psychosis, memory deficits, cognitive disorders, migraine, 
neuropathy, neuro-inflammatory disorders including multiple sdmsis and GuiUain-Barre syndrome and the inflammatory sequelae 
of viral encephalitis, cerebral vascular accidents, and head trauma, anxiety disorders, stress, epilepsy, Paiidnson s disease, movement 
disorders, and schizophrenia The compounds are also useful for the treatment of substance abuse disorders, the treatment of obesity 
or eating disorders, as wel] as the treatment of asthma, constipation, chronic intestinal pseudo-obstrucdon, and dniiosis of the liver. 
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TITLE OF THE INVENTION 
SUBSTITUTED PYRIMIDINES 

* 

CROSS-REFERENCE TO REIAIED APPUCATIONS 
S Not applicable. 

« 

BACKGROUND OF THE INVENTION 

Marijuana {Cannabis sativa L) and its derivatives have been used for centuries 
for medicinal and recreational purposes. A major active ingredient in marijuana and hashish has 

10 been determined to be A9-tetrahydrocannabinol (A9.THC). Detailed research has revealed that 
the biological action of A^-THC and other members of the cannabinoid family occurs through 
two G-protein coupled receptors termed CBl and CB2. The CBl receptor is primarily found in 
the central and peripheral nervous systems and to a lesser extent in several peripheral organs. 
The CB2 receptor is found primarily in lymphoid tissues and cells. Three endogenous ligands 

15 for the cannabinoid receptors derived from arachidonic acid have been identified (anandamide, 
2-arachidonoyl glycerol, and 2-arachidonyl glycerol ether). Each is an agonist with activities 
similar to A^-THC, including sedation, hypothermia, intestinal immobility, antinociception, 
analgia, catalepsy, anti-emesis, and appetite stimulation. 

The genes for the respective caimabinoid receptors have each been dismpted in 

20 mice. The CBl-/- receptor knockout rnice appeared normal and fertile. They were resistant to 
the effects of A^-THC and demonstrated a strong reduction in the reinforcing properties of 
morphine and the severity of withdrawal syndrome. They also demonstrated reduced motor 
activity and hypoalgesia. The CB2-/- receptor knockout mice were also healthy and fertile. They 
were not resistant to the central nervous system mediated effects of administered A^-THC. 

25 There were some effects on immune cell activation, reinforcing the role for the CB2 receptor in 

immune system functions. 

Excessive exposure to A9-THC can lead to overeating, psychosis, hypothermia, 

memory loss, and sedation. Specific synthetic ligands for the cannabinoid receptors have been 

developed and have aided in the characterization of the cannabinoid receptors: CP55,940 (J. 
30 Pharmacol. Exp. Ther. 1988, 247, 1046-1051); WIN55212-2 (J. Pharmacol. Exp. Ther. 1993, 

264, 1352-1363); SR141716A (FEES Lett 1994, 350. 240-244; life Sci. 1995, 56, 1941-1947); 

and SR144528 (J. Pharmacol. Exp. Ther. 1999, 288, 582-589). The pharmacology and 

therapeutic potential for caimabinoid receptor ligands has been reviewed (Exp. Opin. Ther. 

Patents 1998, 8, 301-313; Ann. Rep. Med. Chem., A. Doherty, Ed.; Academic Press, NY 1999, 
35 Vol. 34, 199-208; Exp. Opin. Ther. Patents 2000, 10, 1529-1538; Trends in Pharma. Sci. 2000, 
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21, 218-224). There is at least one CBl modulator characterized as an inverse agonist or an 
antagonist, N-(l-piperidinyl)-5-(4-cWorophenyl)-l-(2,4-dicMorop 

carboxamide (SR141716A), in clinical trials for treatment of eating disorders at this time. There 
still remains a need for potent low molecular weight CBl modulators that have phannacokinetic 
5 and pharmacodynamic properties suitable for use as hunian pharmaceuticals. 

Treatment of asthma with CBl receptor modulators (such as CBl inverse 
agonists) is supported by the finding that presynaptic cannabinoid CBl jeceptors mediate the 
inhibition of noradrenaline release (in the guinea pig lung)_^urop. J. of Pharmacology, 2001, 
431 (2), 237-244). 

. 10 Treatment of cinhosis of the liver with CB 1 receptor modulators is supported by 

the finding that a CBl receptor modulator will reverse the low blood pressure observed in rats 
with carbon tetrachloride-induced liver cirrhosis and will lower the elevated mesenteric blood 
flow and portal vein pressure O^Jature Medicine, 2001, 7 (7), 827-832). 

US Patents US 5,624,941 and US 6,028,084, PCT Application Nos. W098/43636 
15 and W098/43635, and EPO Application No. EP-658546 disclose substituted pyrazoles having 
activity against the cannabinoid receptors. 

PCT Application Nos. W098/31227 and W098/41519 also disclose substituted 

pyrazoles having activity against the cannabinoid receptors. 

PCT AppUcation Nos. WO98/37061, WOOO/10967, and WOOO/10968 disclose 
20 diaryl ether sulfonamides having activity against the cannabinoid receptors. 

PCT Application Nos. WO97/29079 and WO99/02499 disclose alkoxy- 
isoindolones and alkoxy-quinolones as having activity against the cannabinoid receptors. 

US Patent US 5,532,237 discloses N-benzoyl-indole derivatives having activity 

against the cannabinoid receptors. 
25 .US Patents US 4,973,587, US 5,013,837, US 5,081,122, and US 5,1 12,820, US 

5,292,736 disclose aminoalkylindole derivatives as having activity against the cannabinoid 
receptors. 

PCT publication WO 01/58869 discloses pyrazoles, pyrroles and imidazole 
cannabinoid receptor modulatorsuseful for treating respiratory and non-respiratory leukocyte 
30 activation-associated disorders. 

PCT publications WO 01/64632, 01/64633, and 01/64634 assigned to Aventis are 
directed to azetidine derivatives as cannabinoid antagonists. 

The compounds of the present invention are modulators of the Caimabinoid-1 
(CBl) receptor and are useful in the treatment, prevention and suppression of diseases mediated 
35 by the Cannabinoid-1 (CBl) receptor. In particular, compounds of the present invention are 
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antagonists or inverse agonists of the CBl receptor. The invention is concerned with the use of 
these compounds to modulate the Cannabinoid-1 (CBl) receptor. As such, compounds of the 
present invention are useful as centrally acting drugs in the treatment of psychosis, memory 
deficits, cognitive disorders, nngraine, neuropathy, neuro-inflammatory disorders including 

5 multiple sclerosis and Guillain-Barre syndrome and the inflammatory sequelae of viral 

encephalitis, cerebral vascular accidents, and head trauma, anxiety disorders, stress, epilepsy, 
Parkinson's disease, movement discnders, and schizophrenia. The conq>ounds are also useful for 
the treatment of substance abuse disorders, particularly to o^nates, alcohol, marijuana^ and 
nicotine. The compounds are also useful for the treatment of eating disorders by inhibiting 

10 excessive food intake and the resulting obesity and complications associated there\vith. The 
compounds are also useful for the treatment of constipation and chronic intestinal pseudo- 
obstruction, as well as for the treatment of asthma, and cirrhosis of the liver. 

SXJMMARY OF THDB INVENTION 
15 The present invention is concerned with novel substituted pyrimidines of general 

Formula I : 




(0 

and pharmaceutically acceptable salts thereof which are antagonists and/or inverse agonists of 
20 the Cannabmoid-l (OB 1) receptor and are useful in the treatment, prevention and suppression of 
diseases mediated by the Cannabinoid-1 (CBl) receptor. The invention is concerned with the 
use of these novel compounds to selectively antagonize the Cannabinoid-1 (CBl) receptor. As 
such, compounds of the preseirt invention are useful as centrally acting drags in the treatment of 
psychosis, memory deficits, cognitive disorders, migraine, neuropathy, neuro-inflammatory 
25 disorders including multiple sclerosis and Guillain-Bane syndrome and the inflammatory 
sequelae of viral encephalitis, cerebral vascular accidents, andliead traimia, anxiety disorders, 
stress, epilepsy, Parkinson* s disease, movement disorders, and schizophrenia. The compounds 
are also useful for the treatment of substance abuse disorders, particularly to opiates, alcohol, 
marijuana, and nicotine, including smoldng cessation. TTie compounds are also useful for the 
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tieatment of obesity or eating disorders associated with excessive food intake and complications 
associated therewith. The compounds are also useful for the treatment of constipation and 
chronic intestinal pseudo-obstruction. The compounds are also useful for the treatment of 
cirrhosis of the liver. The compounds are also useful for the treatment of asthma. 
5 The present invention is also concemed with treatment of these conditions, and 

the use of compounds of the present invention for manufacture of a medicament useful in 
treating these conditions. The present invention is also concemed with treatment of these 
conditions through a combination of compounds of formula I and other currently available 
pharmaceuticals. 

10 The invention is also concemed with novel compounds of structural formula 1. 

The invention is also concOTied with pharmaceutical formulations comprising one 

of the compounds as an active ingredient. 

The invention is further concemed with processes for preparing the compounds of 

this invention. 

15 

DETABLED DESCRIPTION OF THE INVENTION 

The compounds used in the methods of the present invention are represented by 

the compound of structural formula I: 



20 




or a phannaceutically acceptable salt thereof. 







In one embodimrait of the present invention, Rl is selected firom: 




(1) 


hydrogen, 


25 


(2) 


Ci-ioalkyl, 




(3) 


-ORa. 




(4) 


-NRaRb, 




(5) 


-NRbC(0)Ra 




(6) 




30 


(7) 


-C(0)NRaRb . 
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(8) cyano, 

(9) -SRb, and 

(10) -S02Rb. 

In one class of this embodiment, is selected from: 

(1) Ci-6alkyl 

(2) -OH, 

(3) -0Ci-6alkyl, unsubstituted or substituted with one to three Rc substituents, 

(4) cycloalkyloxy-, unsubstituted or substituted with one to three Rc substituents, 

(5) cycloallcyl-Ci-4alkyloxy-, unsubstituted or substituted with one to three Rc 

substituents, 

(6) cycloheteroalkyloxy-, unsubstituted or substituted with one to three Rc substituents, 

(7) cycloheteroalkyl-Ci-4 alkyloxy, unsubstituted or substituted with one to three Rc 

substituents, 

(8) phenyloxy, unsubstituted or substituted with one to three Rc substituents, 

(9) heteroaryloxy, unsubstituted or substituted with one to three Rc substituents, 

(10) phenyl-Ci-4alkyloxy, unsubstituted or substituted with one to three Rc substituents, 

(11) heteroaryl-Ci-4alkyloxy, unsubstituted or substituted with one to three Rc 

substituents, 

(12) -NRaRb, 

(13) .NRbC(0)Ra, 

(14) -CO2H, 

(15) Ci-6aIkyloxycarbonyl-, unsubstituted or substituted with one to three Rc 
substituents, 

(16) cycloalkyloxycarbonyl-, unsubstituted or substituted with one to three RC 

substituents, ^ 

(17) cycloalkyl-Ci-4alkyloxycarbonyl-, unsubstituted or substituted with one to three RC 

substituents, 

(18) phenyloxycaibonyl, unsubstituted or substituted with one to three Rc substituents, 

(19) heteroaryloxycarbonyl, unsubstituted or substituted with one to three RC 
substituents, 

(20) phenyl-Ci-4alkyloxycaibonyl, unsubstituted or substituted with one 
substituents, 

(21) heteroaryl-Ci-4alkyloxycaibonyl, unsubstituted or substituted with one to three Rc 

substituents, 

(22) -C(0)NRaRb, 
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(23) cyano, 

(24) -SCi-6alkyl, unsubstituted or substituted with one to three Rc substituaits, and 

(25) -S02Cl-6alkyl, unsubstituted or substituted with one to three Rc substituents. 

In one subclass, Rl is selected from: 

(1) Ci-6alkyl. 

(2) -OH. 

(3) -0Ci-6alkyl> unsubstituted or substituted with one to three Rc substituents, 

(4) C4-7cycloalkyloxy-, unsubstituted or substituted with one to two Rc substiturats, 

(5) cycloalkyl-Ci-3alkyloxy-, unsubstituted or substituted with one to two Rc 

substituents, 

(6) phenyloxy, unsubstituted or substituted with one to two RC substituents, 

(7) pyridyloxy, unsubstituted or substituted with one or two Rc substituents, 

(8) phenyl-C i-3alkyloxy, unsubstituted or substituted with one or two Rc substituents, 

(9) pyridyl-Ci-salkyloxy, unsubstituted or substituted with one or two Rc substituents, 

(10) -NRaRb, 

(11) -NRbC(0)Ra 

(12) -CO2H, 

(13) Ci-6alkyloxycarbonyl-, unsubstituted or substituted with one to three Rc 

substituents, 

(14) -C(0)NRaRb, 

(15) cyano, 

(16) -SCi^alkyl, unsubstituted or substituted with one to three Rc substituents, and 

(17) -S02Ci-6alkyl, unsubstituted or substituted with one to three Rc substituents. 

In another subclass, R^^ is selected from: 

(1) metiiyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert.-butyl, n-pentyl, or 
2,2-dimethylpropyloxy, 

(2) -OH, 

(3) methoxy, ethyloxy, isopropyloxy, n-butyloxy, sec-butyloxy, isobutyloxy, tert.- 
butyloxy, n-pentyloxy, or 2,2-dimetiiylpropyloxy, unsubstituted or substituted with 
one to three halo, hydroxy, or methoxy substituents, 

(4) cyclopropyloxy, cyclobutyloxy, cyclopentyloxy, cyclohexyloxy, or cycloheptyloxy, 

(5) cyclopropyhnethoxy, cyclobutyhnethoxy, cyclopentyhnetiioxy, cyclohexylmetiioxy, 
or cycloheptylmethoxy. 
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(6) 4-fluorophenyloxy, 4-chlorophenyloxy, 4-methoxyphenyloxy, 3-fluorophenyloxy, 
S-chlorophenyloxy, 3,4-difluorophenyloxy, 3,4-dichlorophenyloxy, 3,5- 
difluorophenyloxy, 3,5-dichloropheiiyloxy or phenyloxy, 

(7) 4-pyridyloxy, 3-pyiidyloxy, 2-pyridyloxy, 6-chloro-3-pyridyloxy, or 5-chloro-3- 
pyridylpxy, 

(8) baizyloxy, 3-fluoiobeiizyloxy, 3-chlotobenzyloxy, 4-fluorobenzyloxy, 4- 
chlorobaizyloxy, 3,4-difluorobenzyloxy, 3,4-dichlcMrobenzyloxy, 3,5- 
difluoiobfflizyloxy, 3,5-dichlotobenzyloxy, 2,4-fluorobenzyloxy, 2,4- 
dichlorobenzyloxy, alpha-methyl-4-fluoroben2yloxy, alpha-inethyl-4- 
chlorobenzyloxy, alpha,alpha-diinethyl-4-fluorobenzyloxy, or alpha,alpha-dimethyl- 
4-chlQiobenzyloxy, 

(9) 2-pyridylmethyloxy 3,-pyridylinethyloxy, or 4-pyridyhnethyloxy, 

(10) amino, N-meAylamino, N J^-dimethyamino, NJ^-diisopropylamino, or 
N(CH3)CH2CH2N(CH3)2, or N-containing heterocycloalkyl bonded via nitrogen 

selected from: motpholinyl, thiomorpholinyl, pynolidnyl, piperidinyl, and 
[2.2. l]azabicycloheptyl, 

(12) -NHCORa wherein Ra is selected from: 

(a) hydrogen, 

(b) Ci.4alkyl, 

(c) C4-6cycloalkyl, and 

(d) phenyl, 4-fluQrophenyl, 4-chlorophenyl, 3,4-difluorophenyl, or 3,4- 
dichlorophenyl, 

(13) -CO2H, 

(14) -C(0)NH2, 

(15) -CN, 

(16) -SCH3, and 

(17) -SO2CH3. 

In one embodiment of the present invention, R2 is sdected from: 

(1) hydrogen, 

(2) Ci-ioalkyl, 

(3) -ORa. 

(4) -NRaRb, 

(5) -NRaC(0)Rb, 

(6) -C02Ra. 

(7) -C(0)NRaRb, 
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(8) cyano, 

(9) -SRa and 

(10) ^02Ra, 

In one class of this embodiment, is selected from: 

(1) hydrogen, 

(2) Ci^alkyl, 

(3) -OH, 

(4) -0Ci-6alkyl, imsubstituted or substituted willi one to three Rc substituents, 

(5) cycloalkyloxy-, unsubstituted or substituted with one to three Rc substituents, 

(6) cycloalkyl-Ci^alkyloxy-, unsubstituted or substituted with one to three Rc 

substituents, 

(7) cycloheteroalkyloxy-, unsubstituted or substituted with one to three Rc substituents, 

(8) cycloheteroalkyl-Ci-4 alkyloxy, unsubstituted or substituted with one to three Rc 

substituents, 

(9) phenyloxy, unsubstituted or substituted with one to three Rc substituents, 

(10) heteroaryloxy, unsubstituted or substituted with one to three Rc substituents, 

(1 1) phenyl-Ci-4alkyloxy, unsubstituted or substituted with one to three Rc substituents, 

(12) heteroaryl-Ci^alkyloxy, unsubstituted or substituted with one to three Rc 

substituents, 

(13) -NRaRb, 

(14) -NRbC(0)Ra, . 

(15) -CO2H, 

(16) Ci-jSalkyloxycarbonyl-, unsubstituted or substituted with one to three Rc 
substituents, 

(17) cycloalkyloxycarbonyl-, unsubstituted or substituted with one to three Rc 
substituents, 

(18) cycloalkyl-Ci^alkyloxycarbonyl-, unsubstituted or substituted with one to three Rc 
substituents, 

(19) phenyloxycarbonyl, unsubstituted or substituted with one to three RC substituents, 

(20) heteroaryloxycaibonyl, unsubstituted or substituted with one to three Rc 
substituents, 

(21) phenyl-Ci-4alkyloxycarbonyl, unsubstituted or substituted with one to three Rc 
substituents, 

(22) heteroaryl-Ci-4aIkyloxycafbonyl, unsubstituted or substituted with one to three Rc 
substituents. 
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(23) -C(0)NRaRb, 

(24) cyano, 

(25) -SCi^alkyl, unsubstituted or substituted with one to three Rc substituents, and 

(26) -S02Ci-6alkyl, unsubstituted or substituted with one to three Rc substituents. 

In one subclass, R^ is selected from: 

(1) hydrogen, 

(2) Ci^alkyl, 

(3) -OH. 

(4) -0Ci-6alkyl, unsubstituted or substituted with one to three Rc substituents, 

(5) C4-7cycloalkyloxy-, unsubstituted or substituted with one to two Rc substituents, 

(6) C4-7cycloalkyl-Ci.3alkyloxy-, unsubstituted or substituted with one to two RC 

substituents, 

(7) phenyloxy, unsubstituted or substituted with one to two Rc substituents, 

(8) pyiidyloxy, unsubstituted cm: substituted with one to two Rc substituents, phenyl-C i- 
3alkyloxy, unsubstituted or substituted with one to two Rc substituents, 

(9) pyridyl-Ci-3alkyloxy, unsubstituted or substituted with one to two Rc substituents, 

(10) -NRaRb, 

(12) -NHC(0)Ra, 

(13) cyano, and 

(14) -S02Ci-6alkyl, unsubstituted or substituted with one to three Rc substituents. 

In another subclass, R^ is selected ficom: 

(1) hydrogen, 

(2) methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, isobutyl, tert-butyl, n-pentyl, or 
2,2-dimethyliffopyloxy, 

(3) -OH, 

(4) methoxy, ethyloxy, isopropyloxy, n-butyloxy, sec-butyloxy, isobutyloxy, tert- 
butyloxy, n-pentyloxy, or 2,2-dimethylpropyloxy, unsubstituted or substituted with 
one to three halo, hydroxy, or ruethoxy substituents, 

(5) cyclopropyloxy, cyclobutyloxy, cyclopentyloxy, cyclohexyloxy, or cycloheptyloxy, 

(6) cyclopropyhnethoxy, cyclobutylmethoxy, cyclopeotyhnethoxy, cyclohe^ylmethoxy, 
or cycloheptylmethoxy, 

(7) 4-fluotophenyloxy, 4-chlQrophenyloxy, 3-fluorophenyloxy, 3-chlorophenyloxy, 3- 
cyanophenyloxy, 3,4-difluoro0ienyloxy, 3,4-didilorophenyloxy, 3,5- 
difluorophenyloxy, 3,5-dichlarophenyloxy, or phenyloxy. 
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(8) benzyloxy, 3-fluorobenzyloxy, 3-chlorobeiizyloxy, 4-fluarobenzyloxy, 4- 
cWorobenzyloxy, 3,4-difluQrobenzyloxy, 3,4-dichloiobeiizyloxy, 3,5- 
difluorobenzyloxy, 3,5-dichloiobenzyloxy, 2,4-fluorobenzyloxy, or 2,4- 
dichloiobenzyloxy, 

(9) 4-pyridyloxy, 3-pyridyloxy, 2-pyiidyloxy, 6-chloro-3-pyiidyloxy, or 5-chloro-3- 
pyridyloxy, 

(10) amino, N-methylamino, N-ethylamino, NJ«I-dimethyamino, NJ>J-diethylainiiioJ^J^- 
diisopropylamino, or N-containing heterocycloalkyl bonded via nitrogen selected 
from: pyrrolidinyl, and piperidinyl, 

(11) -NHCORa wherein Ra is selected from: 

(a) hydrogen, and 

(b) Ci^talkyl, 

(12) -CN, and 

(13) -SO2CH3. 

In one enibodiment of the present invention, R3 is selected from: 

(1) aryl, 

(2) heteroaiyl, 

wherein each aryl and heteroaryl is optionally substituted with one to four substituents 

independently selected from Rg. 

In one class of this embodiment, R3 is selected from: 

(1) phenyl, 

(2) pyridyl, 

wherein each phenyl and pyridyl is optionally substituted with one to three substituents 
independently selected from RS. 

Ja one subclass of this class, R^ is selected from: 

(1) 



(2) 
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(3) 




In one subclass, R3 is selected from: 

(1) phenyl, 

(2) pyridyl, 

wheiein each phenyl and pyridyl is optionally substituted with one or two substiturats 
independently selected from halogen and -S-Ci-4al]cyl. 

In another subclass, R3 is selected from: 

(1) 4-chlorophenyl, 

(2) 4-fluoiophenyl, 

(3) 4-methoxyphenyl, 

(4) 4-trifluoromethylphenyl, 

(5) 3-chlorophenyl, 

(6) 3-methoxyphenyl, 

(7) 2,4-dichlorophenyl, and 

(8) 2-chloro-4-methylthiophenyL 

In still another subclass, R3 is 4-chlorophenyL 

In one embodiment of the present invention, R4 is selected from: 

(1) aryl, 

(2) heteroaryl, 

wherein each aryl and heteroaryl is optionally substituted wiA one to four substituents 
independently selected from Rg. 

In one class of this embodiment, R4 is selected from: 

(1) phenyl, 

(2) pyridyl, 

wherein each phenyl and pyridyl is optionaUy substituted with one to three substituents 
independently selected from RS. 

In one subclass of this class, R4 is selected from: 



(1) 
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(2) 



(3) 




5 (4) _ 

Tn one subclass of this class, R4 is selected from: 

(1) phenyl, and 

(2) pyiidyl, 

10 wherein each phenyl and pytidyl is optionally substituted with one or two substituents 

independently selected from halogen and -S-Ci.4alkyl. 

In another subclass, R4 is selected from: 

(1) 4-chlorophenyl, 

(2) 2,4-clichlorophenyl, and 

15 (3) 2-chloro-4-inethylthiophenyl. 

In still another subclass, R* is 2,4-dichlorophenyL 

In one embodiment of the present invention, each is independently selected 



from: 





(1) 


hydrogen. 


20 


(2) 


Ci-ioalkyl, 




(3) 


C2-10 alfcenyl. 




(4) 


cycloalkyl. 




(5) 


cycloalkyl-Ci-ioalfcyl; 




(6) 


cyclohet^alkyl. 


25 


(7) 


cycloheteroalkyl-Ci-io alkyl; 




(8) 


aryl. 




(9) 


heteroaryl. 




(10) 


aryl-Ci.ioalkyl, and 




(11) 


heteroaryl-Ci-lOalkyl; and 


30 


each R)' is indepoidratly selected ftom: 
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(1) 


hydrogen. 


(2) 


Ci-ioalkyl, 


(3) 


C2-10 alkeiiyl. 


(4) 


cycloalkyl. 


(5) 


cycloalkyl-Ci-ioalkyl; 




c vcl oheteroalkvl. 


(7) 


cycloheteroalkyl-Ci-io alkyl; 


(8) 


aryl. 


(9) 


heteroaiyl. 


(10) 


aryl-Ci-ioalkyl, and 


(11) 


heteroaryl-Ci-lOalkyl. or 



10 

Ra and Rb together with the nitrogen atom to which they are attached form a bridged or 
unbridged heterocyclic ring of 4 to 7 members containing 0-2 additional heteroatoms 
independently selected from oxygen, sulfur and N-R", 
15 each Ra and Rb may be unsubstituted or substituted with one to three substituents selected from 

Rc. 

In one class of this embodiment of the present invention, each Ra and Rb is 
independently selected from: 
(1) hydrogen, 

20 (2) Ci_6alkyl, unsubstituted or substituted with one to three Rc substituents, 

(3) cycloalkyl, unsubstitoted or substituted with one to three Rc substituents, 

(4) cycloalkyl-Ci.4alkyl, unsubstituted or substituted wiA one to three Rc substituents, 

(5) phenyl, unsubstituted or substituted with one to three RC substituents, 

(6) heteroaryl, unsubstituted or substimted with one to three Rc substituents, 

25 (7) phenyl-C i.4alkyl, unsubstituted or substituted with one to three RC substituents, 

(8) heteroaryl-C i-4alkyl, unsubstituted or substituted with one to three Rc substituents, or 
Ra and Rb together with the nitrogen atom to which they are attached form a bridged or 
unbridged heterocyclic ring of 4 to 7 members containing 0-2 additional heteroatoms 
independently selected from oxygen, sulfur and N-Rd, unsubstituted or substituted on carbon 

30 with one to three Rc substitutents. 

In a subclass of this class, Ra and Rb are each indqpendentiy selected from: 

(1) hydrogen, 

(2) Ci-6alkyl. unsubstituted or substituted with one to three RC substituents, 

(3) cycloalkyl, unsubstituted or substimted with one to three Rc substituaits, 

35 (4) cycloalkyl-Ci-!jalkyl, unsubstituted or substituted with one to three RC substituents, 
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(5) phenyl, unsubstituted or substituted with one to three Rc substituents, 

(6) heteroaryl, unsubstituted or substituted with one to three Rc substituents, 

(7) phaiyl-Ci-4alkyl, unsubstituted or substituted with one to three Rc substituents, 

(8) heteK)aryl-Ci-4alkyl, unsubstituted or substituted with one to three RC substituents. 

In another subclass, R^ is selected from: 

(1) hydrogen, 

(2) Ci-6alkyl, unsubstituted or substituted with one to three Rc substituents, 

(3) cycloalkyl, unsubstituted or substituted with one to two Rc substituents, 

(4) cycloalkyl-Ci.4alkyl, unsubstituted or substituted with one to two Rc substituents, 

(5) phaiyl, unsubstituted or substituted with one to two Rc substituents, 

(6) heteroaryl, unsubstituted or substituted with one to two Rc substituents, 

(7) benzyl, unsubstituted or substituted with one to two Rc substituents, and 
Rb is selected from: 

(1) hydrogen, 

(2) Ci-6alkyl, unsubstituted or substituted with one to three Rc substituents, or 

Ra and Rb together with the niti»gen atom to which they are attached form a bridged or 
unbridged hetwocycUc ring of 4 to 7 members containing 0-2 additional heteroatoms 
mdependenfly selected from oxygen, sulfur and N-Rd, unsubstituted or substituted on carbon 

with one to two Rc substitutrats. 

Jn another subclass, R^ is selected from: 

(1) hydrogen, 

(2) Ci-6alkyl. unsubstituted or substituted with one to three Rc substituents, 

(3) cycloalkyl, unsubstituted or substituted with one to two Rc substituents, 

(4) cycloalkyl-Ci_4alkyl, unsubstituted or substituted with one to two Rc substituents, 

(5) phenyl, unsubstituted or substitoted with one to two Rc substituents, 

(6) pyridyl, unsubstituted or substituted with one to three Rc substituents, 

(7) benzyl, unsubstitated or substituted with one to two Rc substituaats, 

(8) pyridyhnethyl-, unsubstituted or substituted with one to three RC substituents. 

In still another subclass, R^ is selected from: 

(1) hydrogen, 

(2) Cl.4all£yl, 

(3) C4..6cycloalkyl, and 

(4) phenyl, 4-fluorophenyl, 4-chlorophenyl, 3,4-difluQrophenyl, or 3,4-dichlorophenyl. 

In yet another subclass, R^ is selected from: 
(1) hydrogoi, and 
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(2) Ci^alkyl, unsubstituted or substituted with one to thiee Rc substituents. 

In an additional subclass, is selected from: 

(1) hydrogen, and 

(2) Ci.4alkyl. 

S In anodier subclass, R^ is selected £com: 

(1) hydrogen, and 

(2) Ci-6alkyl, unsubstituted or substituted ^th one to three Rc substituents. 

In anottier subclass of the present invention, R^ and Rb together with the nitrogen 
atom to which they are attached form a bridged or unbridged heterocyclic ring of 4 to 7 
10 members, unsubstituted or substitoted on carbon with one to two Rc substitutents. 

In still anodier subclass of the present invention, Ra and Rb together with the 
nitrogen atom to which they are attached form a heterocyclic ring selected from: morpholinyl, 
thiomorpholinyl, pytrolidnyl, piperidinyl, and [2.2.1]azabicycloheptyl. 

In one embodiment of the presrait invention, each R^ is mdependently selected 

15 from: 

(1) Ci-ioalkyl, 

(2) -ORd 

(3) -NReS(0)mRd, 

(4) halogen, 

20 (5) -SRd, 

(6) -S(0)n,NR<*Re. 

(7) -NRdRe, 

(8) -C(0)Rd 

(9) -C02Rd, 

25 (10) -CN, 

(11) -C(0)NRdRe, 

(12) -NReC(0)Rd, 

(13) -NRec(0)ORde, 

(14) -NReC(0)NR4Re, 
30 (15) -CF3, 

(16) -OCF3, 

(17) cycloheteroalkyl, 

(18) aryl, 

(19) arylCi-4alkyl, 

35 (20) heteroaryl, and 
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(21) het^arylCi4alkyl. 

Jn one class of this embodiment, each R*^ is independently selected from: 

(1) Ci-6alkyl.. 

(2) -ORd, 

(3) -NHS(0)2Rd, 

(4) halogen, 

(5) -SRd, 

(6) -S(0)2NRdRe, 

(7) -NR<ftie, 

(8) -C(0)Rd 

(9) -Cb2Rd, 

(10) -CN, 

(11) -C(0)NRdRe, 

(12) -NHC(0)Rd, 

(13) -NHC(0)ORde, 

(14) -NHC(0)NRdRe, 

(15) -CF3. 

(16) -0CF3, 

(17) cycloheteroalkyl, 

(18) phenyl, 

(19) phenylCi-3alkyl, 

(20) heteioaryl, and 

(21) heteroarylCi.2alkyl. 

In one subclass of this class, each R^ is independently selected from: 

(1) Ci.3alkyl, 

(2) hydroxy, 

(3) -OCi-3alkyl , 

(4) halogen, 

(5) -SCH3, 

(6) ^H, 

(7) -NR<ttie, 

(8) -C(0)Ci.3alkyl, 

(9) -C02Ci.3alkyl, 

(10) -CO2H, 

(11) -CN, 
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(12) -CF3. 

(13) -OCF3, 

(14) cycloheteroalkyl, 

(15) phenyl, 

(16) benzyl, and 

(17) pyridyL 

In another subclass, each Rc is independently selected from: 

(1) hydroxy, 

(2) methyloxy, 

(3) amino, 

(4) NJ^-dimethylamino, 

(5) tcifluoromethyl, 

« 

(6) halogen, and 

(7) cyano. 

In one embodiment of the present invention, and are independently 

selected from: 

(1) hydrogen, 

(2) Ci-ioalkyl, 

(3) C2-10alkenyl, 

(4) cycloalkyl, 

(5) cycloalkyl-Ci-ioalkyl; 

(6) cycloheteroalkyl, 

(7) cycloheteroalkyl-Ci-ioalkyl; 

(8) aryl. 

(9) heteroaryl, 

(10) aryl-Ci-ioalkyl, and 

(11) heteroaryl-Ci-ioalkyl, or 

Rd and Re together with the nitrogen atom to which they are attached form a bridged or 
unbridged heterocyclic ring of 4 to 7 members containing 0-2 additional heteroatoms 
independently selected from oxygen, sulfur and N-Rf , 

each Rd and Re may be unsubstituted or substituted with one to three substituents select 
Rf. 

In one class of tibis embodiment, Rd and Re are independently selected h 

(1) hydrogen, 

(2) Ci.6alkyl. 
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(3) 


cycloalkyl, 


(4) 


cycloalkyl-Ci-4alkyl; 


(5) 


cyclohet^alkyl. 


(6) 


cycloheteroalkyl-Ci^ alkyl; 


(7) 


phenyl. 


(8) 


pyridyl. 


(9) 


phenyl-Ci-4alkyl, and 


(10) 


pyridyl-Ci^alkyl, or 



Rd and together with the nitrogen atom to which they are attached form an unbridged 
heterocyclic ring of 4 to 7 members optionally containing an additional heteroatom 
independently selected from oxygen, sulfur and N-Rf 

each Rd and R© may be unsubstituted or substituted with one to three substituents selected from 
Rf. 

In on^ subclass, Rd and R^ together with the nitrogen atom to which they are 
attached form a heterocyclic ring selected from: morpholinyl, thiomorpholinyl, pyrrolidinyl, and 
piperidinyl, unsubstituted or substituted on a carbon atom with an Rf substituent. 

In one subclass of this embodiment, each Rd is independentiy selected from: 

(1) hydrogen, 

(2) Ci.6alkyl, 

(3) cycloalkyl, 

(4) cycloheteroalkyl, 

(5) phenyl, 

(6) pyridyl, 

(7) phenyl-Ci-4alkyl, and 

(8) pyridyl-Ci-4alkyl ot 

each Rd may be unsubstituted or substituted with one to three substituents selected from Rf 

In one subclass, each R© is independently selected from: 

(1) hydrogen, and 

(2) Ci.6alkyl. 

In another subclass, Rd and R^ are each independentiy selected from hydrogen 
and Ci-4 alkyl. 

Jn one embodiment of the present invention, each Rf is independentiy selected 

from: 

(1) halogen, 

(2) Ci-ioalkyl, 
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(3) -0-Cl.4alkyl, 

(4) -S-Ci.4alkyl, . 

(5) -CN, 

(6) -CPs, and 

(7) -OCF3. 

In one class of this embodiment, each is independently selected £com: 

(1) halograi, 

(2) methyl, 

(3) methyloxy, 

(4) methylthio, 

(5) -CN, 

(6) -CF3, and 

(7) -OCF3. 

In one subclass of this class, each Rf is independently selected from chloro and 

fluoro. 

In one embodimueait of the present invention, each Rg is independently selected from: 

(1) halogen, 

(2) Ci-iOalkyl, 

(3) -0-Ci.4alkyl» 

(4) -S-Ci^alkyl, 

(5) -CN. 

(6) -CF3. and 

(7) -OCF3. 

In one class of this onbodiment, each Rg is independently selected from: 

(1) halogen, 

(2) Ci^alkyl, 

(3) -0-Ci.2alkyl, 

(4) -S-Ci-2alkyl, 

(5) -CN, 

(6) -CF3, and 

(7) -OCF3. 

In one embodiment of tiie present invention, m is selected from 1 and 2. In one 

m 

class of the present mveDtion, m is 2. 

Particular novel compounds which may be employed in the methods, uses and 

compositions of the present invention, include: 
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10 (7) 



(1) 2-(4-fluorobenzyloxy)-4-(2,4-dichlorophenyl)-5-(4<Morophenyl)pyii^ 

(2) 2-(4-fluaiobenzyloxy)-4-(2-chloro-4-methylthiophenyl)-5-(4- 

cUoiophenyl)pyninidine; 

(3) 2-(3,4-difluorobenzyloxy)-4-(2,4-<ticMorophenyl)-5K4-cMorophenyl)pyi^ 

(4) 2-(3,4-difluorobenzyloxy)-4-(2-chloro-4-methylthi()-phenyl>5-(4- 

chloiophenyl)pynmidme; 

(5) 2-(4-cMoiobenzyloxy)-4-(2,4-dicWorophenyl>5-(4K;Morophenyl)pyriiiiidine 

(6) 2-(4-chloiobenzyloxy)-4-(2^;hloK)-4-methylthio-phenyl)-5-(4- 
chloropheiiyl)pyiimidine; 

2-(3,4-dicWorobenzyloxy)-4-(2,4-dicWorophenyl>5-(4<Worophenyl)pyrimidme; 

(8) 2-(3,4-dicWorobenzyloxy)-4-(2-chloro-4-inethylthio-phenyl)-5-(4- 

chloiophenyl)pyiiimdine; 

(9) 2-(3-fluorobenzyloxy)-4-(2,4-dicWorophenyl)-5-(4<Worophenyl)pyriimdin^ 

(10) 2-(3-fluorobenzyloxy)-4-(2-chloro-4-methylthio-phenyl)-5-(4- 

15 chlarophettyl)pyriimdine; 

(11) 2-(3-cUoiobeiizylainino)-4-(2,4-dicWorophenyl)-5-(4-chlorophenyl)pyrim 

(12) 2-(n^-diinethylamino>4-(2,4-dichlorophenyl>5-(4-cMorophenyl)pyium*^^ 

(13) 2-amino-4K2,4-dicWoK)phenyl)-5-(4-cMorophenyl)pyriinidine; 

(14) 2K;aiboxy-4-(2,4-dicW(m)phenyl)-5K4-cUorophenyl)pyriimdine; 
20 (15) 2-inethylthio-4-(3,4-difluoiobenzyloxy)-5-(4-chlorophenyl>6-(2,4- 

dichlorophenyOpyrimidine; 
(16) 2-melhylthio-4-hydroxy-5<4-cWoix)phenyl)-6-(2,4-dicWorophenyl)pyrimid^^ 

niethoxy-4-hydroxy-5K4-cmorophenyl)-6-(2,4-dicmorophenyl)pyrimidine; 
(1 8) 2,4-dihydroxy-5-(4-chlorophenyl)-6-(2,4-dicMoiophenyl)pyriinidine; 
25 (19) 2-me%ltMo-4-hydroxy-5-(4-chloK)phenyl)-6-(2,4-dicWorophenyl)pyiiimdm^ 

(20) 2-(3,4-difluorobenzyloxy)-4-hydioxy-5-(4-chlorophenyl)-6-(2,4- 

clichloiophenyl)pyrimidine; 

(21) 2-(3,4-difluoiobenyloxy)-4-hydroxy-5-(4-chloioph«iyl)-6-(2,4- 

dichlorophenyl)pyiimidine; 
30 (22) 2,4-bis-(3,4-difluoiobenyloxy>5-(4-cWorophenyl)-6-(2,4- 

dicUoiophenyl)pynmicline; 

(23) 2,4Klimethoxy-5-(4-cMoK)phenyl)-6-(2,4-dicWon)phenyl)pyriim^^^ 

(24) 2,4-diethoxy-5K4<hloK)phenyl)-6-(2,4-dicMorophenyl)pyrimidine; 

(25) 2,4^msopropoxy-5-(4-cWorophenyl)-6-(2,4-dicWoiophenyl)pyriimdme; 
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2-methylsiilfonyl-4-(3,4-difluorophenoxy>5-(4-cW 
ddcWorophenyOpyrimidine; 

2,4-bis(3,4-difluorophenoxy)-5-(4-chlorophenyl)-6-(2,4- 
(ticMorophenyl)pyiiiDidine; 

2-cyano-4-(3,4-di£luorophenoxy>5-(4-chlorophenyl)-6-(2,4- 
dicMorophenyl)pyiimidine; 

2-(3,4-di£luorobenzyloxy>4-cyano-5-(4-cUorophenyl)-6-(2,^ 
dichlorophenyOpyrimidine; 

2-cyano-4-(3,4-difluorobenzyloxy)-5-(4-chlorophenyl)-^-(2,4^ 
dicUorophenyOpyiiinidine; 

2,4-bis(cyano)-5-(4-cWorophenyl)-6-(2,4-<tichlorophenyl)py^ 

2-(3,4-<iifluorophenoxy)-4-methyl-5-(4-cUoix>phenyl)-6K2,^ 

dichloiophenyl)pynimdme; 

2-ethyl4K3,4-difluorophenoxy)-5-(4-chlorophenyl>6-(2,4- 
dichloiophenyl)pyxiinidine; 

2-isopropy-4-(3,4-difluorophenoxy>5-(4<Moiophenyl)-6-(2,^^ 
dicMorophenyl)pyriimdine; 

2-(3,4-difluorobenzyloxy)-4-methyl-5-(4-chlorophenyl)-6-(2,4- 
(ticMoiophenyl)pynimdine; 

2-(3,4-(Muorobenzyloxy)-4-ethyl-5-(4-chlorophenyl)-6-(^ 
dicUorophenyl)pyriimdine; 

2-(3,4-(Muoix)benzyloxy)-4-(n-methylaimno>5-(4-cU 
(&chlorophenyl)pyriimdme; 

2-(3,4-difluorophenoxy)-4-amino-5-(4-chlorophenyl)-6-(2,4- 
dichlorophenyl)pynixddine; 

2-(3,4-difluorobenzyloxy)-4-(amuio>5-(4-cUorophen^ 

dichlorophenyOpyrimidine; 

2-(3,4-difluorophenoxy)-4-(acetylaimno>5-(4-^ 

dicMorophenyl)pyriimdine; 

2-(3,4-difluorobenzyloxyH-(acetylaimno)-5-(4^ 

dichlorophenyOpymmdine; 

2-(3,4-difluorophenoxy)-4-(n-pyixoMdinyl)-5-[4-chloro^ 
dichlorophenyllpyrimidine; 

2-(cyclopropylmethoxy)-4-(n-pyrroUdinyl>5-[4-chlorophen 
dichlorophenyljpyiiinidine; 
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(44) 2-(nji-<tie%laimno)-4K3,4-difluon>beiizyloxy)-5-(4-chloiophenyl)-6<2,^ 

dichloiophenyl)pyiimidme; 

(45) 2Kn,n-<iiisopropylaimno)-4-(3,4-diflucm)benzyloxy>^ 

dichloiophenyl)pyrimidme; 
5 (46) 2-(n-pyxrolidyl)-4-(3,4-difluoiobenzyloxy)-5-(4-chloiophenyl)-6-(2,4- 

dicUo]X)phenyl)pyiiimdme; 

(47) 2-(n-piperidyl)-4-(3,4-difluoiobenzyloxy>5-(4-chlorophenyl)-6-(2,4- 

dichloiophenyOpynmidine; 

(48) 2Kn-morpholinyl)-4-(3,4-difluorobenzyloxy)-5-(4-chlorophenyl)-6-(2,4- 

10 dicUoiophenyl)pyiimidine; 

(49) 2-(7-n-[221]-azabicycloheptyl)-4-(3,4-difluorophenoxy)-5-(4-chlorophenyl)-6- 

(2,4-dichlorophaiyl)pyiiimdine; 

(50) 2-(n-propionyl)-4-(3,4-difluoroph«ioxy)-5-(4-chlorophenyl)-6-(2,4- 

(]icUoiophenyl)pyiiiiii(lme; 
15 (51) 2-(n-(2-methyl)piopionyl)-4-(3,4-difluorophenoxy)-5-(4-chlorophenyl)-6-(2,4- 

dicUoix>pheiiyl)pyiiimdine; 

(52) 2-(n-(3-methyl)butyryl)-4-(3,4-difluorophenoxy)-5-(4-chlorophenyl)-6-(2,4- 

dichlQrophenyl)pyiiimdiiie; 

(53) 2-(aminocaitonyl)-4-(3,4-<Muorophenoxy)-5-(4-cUorophenyl)-6-(2,4- 

20 dichloiophenyl)pyrimidine; 

(54) 2-(carboxy)-4-(3,4-difluorophenoxy)-5-(4-chlorophenyl)-6-(2,4- 

dicMoiophenyl)pyiiimdme; 

(55) 2-(2-hydroxyethyleneoxy)-4-(3,4-difluorophenoxy)-5-(4-cMorophenyl)-6-(2,4- 

dicUoiophenyl)pyriimcline; 
25 (56) 2-(2-inethoxyethyleneoxy)-4K3,4-difluoiophenoxy)-5-(4-chlorophenyl>6-(2,4- 

clichloiophenyl)pyrimidine; 

(57) 2-(cyclohexylniethyloxy)-4-isopropoxy-5-(4-chlorophenyl)-6-(2,4- 

dicUoiophenyl)pyrimidine; 

(58) 2-cyclohexyloxy-4-isopropoxy-5-(4-cWoiophenyl)-6-(2,4- 

30 dicUorophenyOpynmidine; 

(59) 2-(3,4-difluorophenoxy)-4-cyclohexyloxy-5-(4-chlorophenyl)-6-(2,4- 

dichloiopheiiyl)pyriimdine; 

(60) 2-(3,4-difluorobenzyloxy)-4-cyclohexyloxy-5-(4-chlorophenyl>6-(2,4- 

dichloiophenyl)pyrimidine; 
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(61) 2,4-bis(cyclopropylmethyloxy>5-(4-chlorophenyl)-6-(2,4- 

dicWorophenyl)pyiimicline; 

(62) 2-cyclopropyloxy-4-(3-pyridyloxy)-5-(4-chloiophenyl>6-(2,4- 

dichlGiopheayl)pymnidine; 
5 (63) 2-(n-pyirolidinyl)-4-cyclopropyloxy-5-(4-chlorophenyl)-6-(2,4- 

dichl(MX>phenyl)pynimdine; 

(64) 2,4-bis(isopropyloxy)-5-(4-cMoiophenyl)-6K2,4-<iicWorophenyl)pyriimdi^^ 

(65) 2-(3,4-dffluoiobeiizyloxy)-4-(4-cMc»rophenyl)-5-(2,4-<ficWoix)phenyl)py^ 

(66) 2-(4-chloiobenzyloxy)-4-(4-cWoiophenyl)-5-(2,4-dichlorophenyl)pyriim^^^ 
10 (67) 2-(3-fluorobenzyloxy)-4-(4<moiophenyl)-5-(2,4-dicWoiophenyl)pyriimd^^ 

(68) 2-(3-cMoix>benzyloxy)-4-(4-chloiophenyl)-5-(2,4-dichlorophenyl)pyrim 

(69) 2-(4-fluoK)benzyloxy)-4-(4-cWoiophenyl)-5-(2,4-dicWorophenyl)pyrinu^^ 

(70) 2-(armethyl-4-fluorobenzyloxy-)-4-(4-chlorophenyl)-5-(2,4- 
dichlQrophaiyl)pyiiinidine; 

15 (71) 2-(0Mnethyl-4-fluoroben2yloxy)-4-(2,4-dicWorophenyl)-5-(4- 

chlorophenyl)pyiiimdine; 

(72) 2<3-pyridylmethoxy)-4K2,4-dichlorophenyl)-5-(4K:WoK)phenyl)py^ 

(73) 2<n-butyIoxy)-4-(2,4-dicWorophenyl>5-(4^:Woiophenyl)pyiiimdine; 

(74) 2-(2,4-dicWoiobeiizyloxy)-4-(2,4-dichlcm)phenyl>5-(4-cWorophenyl)pyri^ 
20 (75) 2-(cyclohexylmethoxy)-4-(2,4-dicWoiophenyl)-5-(4<Worophenyl)pyrimidine; 

(76) 2-(3,5-dicWoiobenzyloxy)-4-(2,4-dicMoiophenyl)-5-(4-cWorophenyl)pyriimdin^ 

(77) 2-(6-cMoro-3-pyiidylniethoxy)-4-(2,4-dichlorophenyl)-5-(4- 

chloiophenyl)pynmidme; 

(78) 2-(a,ardimethyl-4-fluorobenzyloxy)-4-(2,4-dicWorophenyl)-5-(4- 

25 chloiopheDyl)pymmdme; 

(79) 2<4-fluorophenyloxy)-4-(2,4-dichlorophOTyl)-5-(4<hlorophenyl)pyrimidiM 

(80) 2K3-fluoK>phenyloxy)-4-(2,4-dichlorophenyl)-5-(4-chlorophenyl)pyrii^ 

(81) 2-(3,4-difluoiophenyloxy)-4-(2,4-dicWorophenyl)-5-(4-cWQrophenyl)pyriini 
• (82) 2-(3-cWorophenyloxy)-4-(2,4-dichlorophenyl>5-(4-chlorophenyl)pyriimdi^ 

30 (83) 2-<4-mfithoxyphenyloxy>4-(2,4-dicMorophaiyl>5-<4-cWarophenyl)pyii^ 

(84) 2-(3-pyridyloxy)-4-(2,4-dicW(TOphenyl>-5-(4H;M<ttophenyl)pyrimidme; 

(85) 2-(5K:Moio-3-pyridyloxy)-4-(2,4-<ficW(m)phenyI)-5-(4-cWorophenyl)pyiim 

(86) 2-(n<4-fluoiobeiizaimdo))-4-(2,4-dichlorophenyl>5-(4-cWcm)phenyl)pyri^ 

(87) 2-(n-(cyclohexylcarboxamido))-4-(2,4-dichlorophenyl)-5-(4- 
35 chloiophenyl)pyniiiidme; 

« 
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(88) 2,4-bis(cyclobutylmethoxy)-5-(4-chlQtophenyl)-6-(2,4- 

dicUorophenyl)pyiiimdme; 

(89) 2-cyclobutylmethoxy-4-(6-fluoro-3-pyridyloxy)-5-(4-chlorophenyl)-6-(2,4- 

dicUoiophenyl)pyiimidme; 
5 (90) 2-cyclobutylmethoxy-4-(5<Uoro-3-pyridyloxy)-5-(4-chlorophenyl)-6-(2,4- 

dicUoiophenyl)pyiimidme; 

(91) 2-methylsulfonyl-4-(3-pyiidyloxy)-5-(4-chlorophenyl)-6-(2,4- 

dicMoiophenyl)pyiiimdine; 

(92) 2-cyclobutylmethoxy-4-(3-pyiidyloxy)-5-(4-chlorophenyl)-6-(2,4- 

10 dichloiophenyl)pyiiimdine; 

(93) 2K2,2-dimethylpropyloxy)-4-(3-pyridyloxy)-5-(4-chlorophenyl)-6-(2,4- 

dicUoiophenyl)pyriimdine; 

(94) 2-(2-t-butyloxy)-4-(3-pyridyloxy)-5-(4-chloiophenyl)-6-(2,4- 

dicUoiophrayl)pyriimdine; 
15 (95) 2-(2-cyclobutyloxy)-4-(3-pyridyloxy)-5-(4-chlorophenyl)-6-(2,4- 

dichloiophenyl)pyiimidine; 

(96) 2-(n-propyloxy)-4-(3-pyridyloxy)-5-(4-chlorophenyl)-6-(2,4- 

dichlorophenyl)pyiiniidine; 

(97) 2-(n-butyloxy)-4-(3-pyridyloxy)-5-(4-chlorophenyl)-6-(2,4- 

20 dicMoiophenyl)pyiimidine; 

(98) 2-(sec-butyloxy)-4-(3-pyridyloxy)-5-(4-chlorophenyl)-6-(2,4- 

dichloiophenyl)pyriimdine; 

(99) 2-(iso-butyloxy)-4-(3-pyridyloxy)-5-(4-chloiophenyl)-6-(2,4- 

dichl(>rophenyl)pyiiimdine; 
25 (100) 2-(isopropyloxy)-4-(3-pyridyloxy)-5-(4-chloiophenyl)-6-(2,4- 

dichlorophenyl)pymmdine; 

(101) 2-(n-pentyloxy)-4-(3-pyridyloxy>5-(4-chlorophenyl)-6-(2,4- 

dicMon>phenyl)pyriimdiiie; 

(102) 2-cyclopropyloxy-4-(4-pyiidyloxy)-5-(4-cWorophenyl)-6-(2,4- 

30 dichloiophenyl)pynixiidme; 

(103) 2,4-bis-(4-pyridyloxy)-5-(4-cMorophenyl)-6-(2,4-dichlorophenyl)pyiiimdine; 

(104) 2-(isobutyloxy)-4-(3,4-difluorophenoxy)-5-(4-chlorophenyl)-6-(2,4- 

dichloiopheiiyl)pyiiimdi]ie; 

(105) 2-(cyclopropylmethoxy)-4-(3,4-difluorophenoxy)-5-(4-cblorophenyl)-6-(2,4- 

35 dichlorophenyl)pyiimidine; 
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(106) 2Kisopropyloxy)-4-(3,4-difluorophenoxy)-5-(4-chloiophenyl)-6-(2,4- 

dichloiophenyl)pyiiimdine; 

(107) 2-«thoxy-4-(3,4-<lifluQrophenoxy)-5-(4-chlorophenyl)-6-(2,4- 

(lichlorophenyl)pyriimdine; 

(108) 2Kn-pyiToUdinyl)-4-(3,4-diflucm)phenoxy>5-(4-cWan)phenyl)-6-(2,4- 

■ 

dicUQiophenyl)pyiiiDicline; 

(109) 2-(nAi' ,n'-tiiinethyl-*thylenediamino)-4-(3,4-difluorophenoxy)-5-(4- 
cW<m)phenyl)-6K2,4-(UcUorophenyl)pyiiinidine; 

(1 10) 2-(n-piperidyl)-4-(3,4-difluorophenoxy)-5-(4-chlorophenyl)-6-(2,4- 

dicMorophenyl)pyiimidine; 

(111) 2<n-morpholmyl)-ethylenediamino-4-(3,4Hiifluorophenoxy)-5-(4^ 

6K2,4-dichloiophenyl)pyriimdine; 

(1 12) 2Hlime%lainino-4-(3,4-difluorophenoxy)-5-(4-chlorophenyl)-6-(2,4- 

dichloiophenyl)pyiimiclme; 

(1 13) 2<n-pym)Udmyl>4-(3-pyridyloxy)-5-(4-chlorophenyl)-6-(2.4- 

dichlorophenyl)pytiiiiidine; 

(1 14) 2-methylsulfonyl-4-(2-pyridyloxy)-5-(4-cUorophenyl)-6-(2,4- 

dicUQrophenyl)pyiimidine; 

■ 

(115) 2-(2-isopK>pyloxy)-4-(2-pyridyloxy>5-(4-chlorophenyl)-6-(2,4- . 

dichlQrophenyl)pyiiiiiidine; 

(1 16) 2-(2-tiimethyldiaimoloxy)-4-(2-pyridyloxy)-5-(4-chloiophenyl)-6-(2,4- 

dichlQix^henyl)pyrimidine; 

(1 17) 2-(2-pyirolindyl)-4-(2-pyridyloxy)-5-(4-chloiophenyl)-6-(2,4- 

dichloiophenyl)pyiiinidine; 

(118) 2KiBethylsulfonyl)-4-methoxy-5-(4-chloiophenyl)-6-(2,4- 

dicUorophenyOpynmidme; 

(1 19) 2-niethoxy-4-(methylsulf onyl)-5-(4-chlon>phenyl)-6-(2,4- 

dicMQrophe(nyl)pyiimidme; 

(120) 2-(3,4-difluorophenyloxy)-4-inethoxy-5-(4-chlotophenyl)-6-(2,4- 

dichlorophen^^ynmidine; 

(121) 2-methoxy-4-(3,4-difluorophenyloxy>5-(4-chloiophenyl)-6-(2,4- 

dichlorophenyOpyrimidme; 

(122) 2-(3-fluorophenyloxy)-4-meflioxy-5-(4-chlorophenyl)-6-(2,4- 

dichlQrophrayl)pynmidme; 
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(123) 2-methoxy-4-(3-fluorophenyloxy)-5K4-cmorophenyl>6-(2,^ 

dicUoiophenyl)pyriiDidiiie; 

(124) 2-methoxy-4-(2-pyridyloxy)-5-(4-chlorophenyl)-6-(2,4- 

dichlorophenyl)pyiimidine; 

(125) 2-(2-pyridyloxy)-4-methoxy-5-(4-chlorophenyl)-6-(2,4- 

dichlorophenyl)pyiiimdine; 

(126) 2-<5-cWoro-3-pyridyloxy)-4-methoxy-5-(4-chlorophenyl)-6-(2,4- 

dicMorophenyOpyriinidine; 

(127) 2-methoxy-4-(5«<:hlQro-3-pyiidyloxy)-5-(4-cUoiophenyl)-^^^^ 

dicUorophenyl)pynimdine; 

(128) 2-(3-pyridyloxy)-4-methoxy-5-(4-chloiophenyl)-6-(2,4- 

dicMorophe!iyl)pyciimdine; 

(129) 2-methoxy-4-(3-pyridyloxy)-5-(4-cWorophenyl)-6-(2,4- 
dichlorophenyl)py]imidine; 

(130) 2-methoxy-4-(4-fluorophenyloxy)-5-(4-cWorophenyl)-6-(2,4- 

dicUorophenyl)pyiiimdine; 

(131) 2-inethoxy-4-(3,5-difluorophenyloxy)-5-(4-cMorophenyl)^ 
dicWorophenyl)pyriimdine; 

(132) 2-methoxy-4-(3-cyanophenyloxy)-5K4-^hloiophenyl)-6-(2,4- 

dicUorophenyl)pyriimdine; 

(133) 2K3,4-<Jifluorobeiizyloxy)-4-methoxy-5-(4-chloiophen^^^^ 

dichloiophenyl)pyriimdine; 

(134) 2-inethoxy-4-(3,4-difluorobenzyloxy>5-(4-cWoiophenyl)^^ 
dicUoiophenyl)pyiii]iidine; 

(135) 2-(methylsulfonyl)-4-ethoxy-5-(4-chlorophenyl)-6-(2,4- 
dichloiophenyl)pyriniidine; 

(136) 2-ethoxy-4-(methylsulfonyl)-5-(4-cMorophenyl)-6-(2,4- 

dichlorophenyOpyiimidine; 

(137) 2-(3,4-difluorobenzyloxy)-4-ethoxy-5K4-<:Uoix)phenyl)-^^^ 
dichlorophenyOpyrimidine; 

(138) 2-^thoxy-4-(3,4-dmuorophenyloxy)-5-(4-cWoiophenyl)-^ 

dichlorophenyl)pynmidine; 

(139) 2-(methylsulfonyl)-4-isoprapyloxy-5-(4-cUorophenyl)-6-(2,4- 

dichloiopheayl)pynimdme; 
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(140) 2-isopix)pyloxy-4-(methylsiilfonyl>5-(4-cMorophenyl)^^^ 

dicWorophenyl)pyiiimdine; 

(141) 2<3,4Kiifluorobenzyloxy)-4-isopiopyloxy-5-(4-chlorophenyl)-6-(2,^ 

dicMorophenyl)pyrinndine; 
5 (142) 24sopiopyloxy-4-(3,4-difluorophenyloxy)-5K4-cWoiophenyl^^^ 

dicWorophenyl)pyriimdine; 

(143) 2<3,4-dmuorobenzyloxy)-4-pyrroUdinyl-5-(4-cmoiopte 

dichloiophenyl)pyninidme; 

(144) 2<3,4-difluorobenzyloxy)-4-diethylammo-5-(4-cMo^^ 

■ 

10 dicUorophenyl)pyriinidine; and 

(145) 2-(3,4-difluorobenzyloxy)-4-diinethylamino^^ 
dichlorophenyl)pynimdine; 

(146) 2-(3,4-difluorophenoxy)-4-methoxy-5-(4-fluorophenyl)-6-[^^ 4- 

dichlorophenyllpyiiinidine; 
15 (147) 2<3^dmuorophenoxy)-4-methoxy-5-(4-methoxyphenyl)-6-[2, 4- 

4 

dichloix)phenyl]pyriinidme; 

(148) 2-(3,4-di£luoix)phaioxy)-4-methoxy-5-(4-trifluoromethylphen 4- 

dichlorophenyllpynimdine; 

(149) 2-(3,4-difluorophenoxy)-4-methoxy-5-(3-chloiophenyl)-6-[2, 4- 

20 dicMorophenyllpyrimidine; 

(150) 2-(3,4-difluorophenoxy)-4-inethoxy-5-(3-methoxyphenyl)-6-[2, 4- 

dicMacophraylJpyiimidine; 
and phannaceutically acceptable salts thereof. 

"Alkyl", as well as other groiq>s having the prefix "alk", such as alkoxy, alkanoyl, 
25 means carbon chains which may be linear or branched or combinations thereof. Examples of 
alkyl groups include methyl, ethyl, propyl, isopropyl, butyl, sec- and tot-butyl, pentyl, hexyl, 

heptyl, octyl, nonyl, and the like. 

"Alkenyl" means carbon chaiiis which contain at least one carbon-carbon double 
bond, and which may be linear or branched or combinations thereof. Examples of alkenyl 
30 include vinyl, allyl, isopropenyl, pentenyl, hexenyl, heptenyl, 1-propenyl, 2-butenyl, 2-methyl-2- 

butenyl, and the like. 

"Alkynyl" means carbon chains which contain at least one carbon-carbon triple 
bond, and which may be linear or tnranched or comlnnations thereof. Examples of alkynyl 
include ethynyl, propargyl, 3-methyl-l-pentynyl, 2-heptynyl and the like. 

-27- 



wo 2004/029204 



PCTAJS2003/030161 



"Cycloalkyl" means mono- or bicyclic or bridged saturated carbocyclic rings, 
each of which having from 3 to 10 carbon atoms. The tenn also includes monocyclic rings fused 
to an aryl group in which the point of attachment is on the non-aromatic portion. Examples of 
cycloalkyl include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, 

S tetrahydronaphthyl, decahydronaphthyl, indanyl, and the like. 

^"Aryl" means mono- or bicyclic aromatic rings containing only carbon atoms. 
The tenn also includes aryl group fused to a monocycUc cycloalkyl or monocyclic 
cycloheteroalkyl group in which the point of attachment is on the aromatic portion. Examples of 
aryl include phenyl, naphthyl, indanyl, indrayl, tetrahydronaphthyl, 2,3-dihydrobenzofuranyl, 

10 dihydrobenzopyranyl, 1,4-benzodioxanyl, and the like. 

""Heteroaryl" means a mono- or bicyclic aromatic ring containing at least one 
heteroatom selected from N, O and S, with each ring containing 5 to 6 atoms. Examples of 
heteroaryl include pyrrolyl, isoxazolyl, isothiazolyl, pyrazolyl, pyridyl, oxazolyl, oxadiazolyl, 
thiadiazolyl, thiazolyl, imidazolyl, triazolyl, tetrazolyl, furanyl, triazinyl, thienyl, pyrimidyl, 

15 pyridazinyl, pyrazinyl, benzoxazolyl, benzothiazolyl, benzimidazolyl, benzofiiranyl, 

benzothiophenyl, furo(2,3-b)pyridyl, quinolyl, indolyl, isoquinolyl, imidazothiazolyl, and the 
like. The heteroaryl ring may be substituted on one or more carbon or nitrogen atoms 

"Cycloheteroalkyl" means mono- or bicyclic or bridged saturated rings containing 
at least one heteroatom selected from N, S and O, each of said ring having from 3 to 10 atoms in 

20 which the point of attachment may be carbon or nitrogen. The term also includes monocyclic 
heterocycle fused to an aryl or heteroaryl group in which the point of attachment is on the non- 
aromatic portion. Examples of "cycloheteroalkyl" include pyrrolidinyl, piperidinyl, piperazinyl, 
dioxanyli imidazolidinyl, 2,3-dihydrofuro(23-b)pyridyl, benzoxazinyl, benzoxazolinyl, 2-H- 
phthalazinyl, isoindolinyl, benzoxazepinyl,5,6-dihydroimidazo[2,l-b]thiazolyl, 

25 tetrahydrohydroquinohnyl, morpholinyl, tetrahydroisoquinolinyl, dihydroindolyl, and the like. 
The term also includes partially unsaturated monocyclic rings that are not aromatic, such as 2- or 
4-pyridones attached through the nitrogen or N-substituted-(lH, 3H)-pyrimidine-2,4-diones (N- 
substituted uracils). The term also includes bridged rings such as 5-azabicyclo[2.2.1]heptyl, 2,5- 
diazabicyclo[2.2.1]heptyl, 2-azabicyclo[2.2.1]heptyl, 7-azabicyclo[2.2,l]heptyl, 2,5- 

30 diazabicyclo[2.2.2]octyl, 2-azabicyclo[2.2.2]octyl, and 3-azabicyclo[3.2.2]nonyl, and 

azabicyclo[2.2.1]heptanyl. The cycloheteroalkyl ring may be substituted on the ring carbons 
and/or the ring nitrogens. 

**Halogen" includes fluorine, chlorine, bromine and iodine. 

When any variable (e.g., Rl, Rd, etc.) occurs more than one time in any 

35 constituent or in formula I, its definition on each occurrence is independent of its definition at 
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every other occurrence. Also, combinations of substituents and/or variables are permissible only 
if such combinations result in stable compounds. 

Under standard nomenclature used throughout this disclosure, the terminal 
portion of the designated side chain is described first, followed by the adjacent functionality 
5 toward the point of attachment. For example, a C1.5 alkylcarbonylamino Ci-6 alkyl substituent 

is equivalent to 

O 

11 

Ci^alkyl-C-NH-Cvealkyl- 

In choosing compounds of the present invention, one of ordinary skill in the art 
will recognize that the various substituents, i.e. r1, r2, etc., are to be chosen in conformity with 
10 well-known principles of chemical structure coimectivity and stability. 

The term "substituted" shall be deemed to include multiple degrees of substitution 
by a named substitutent. Where multiple substituent moieties are disclosed or claimed, the 
substituted compound can be independently substituted by one or more of the disclosed or 
claimed substituent moieties, singly or plurally. By independently substituted, it is meant that 
15 the (two or more) substituents can be the same or different 

Compounds of Formula I may contain one or more asynmietric centers and can 
thus occur as racemates and racemic mixtures, single enantiomers, diastereomeric mixtures and 
individual diastereomers. The present invention is meant to comprehend all such isomeric forms 

of the compounds of Formula L 
20 Some of the compounds described herein contain olefinic double bonds, and 

unless specified otherwise, are meant to include both E and Z geometric isomers. 

Tautomers are defined as compounds that undergo rapid proton shifts from one 

atom of the compound to another atom of the compound. Some of the compounds described 

herein may exist as tautomers with different points of attachment of hydrogen. Such an example 
25 may be a ketone and its enol form known as keto-enol tautomers. The individual tautomers as 

well as mixture thereof are encompassed with compounds of Formula 1. 

Compounds of the Formula I may be separated into diastereoisomeric 

pairs of enantiomers by, for example, fractional crystallization from a suitable solvent, for 

example MeOH or ethyl acetate or a mixture thereof. The pair of enantiomers thus obtained may 
30 be separated into individual stereoisomers by conventional means, for example by the use of an 

optically active amine as a resolving agent or on a chiral HPLC column. 
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Alternatively, any enantiomer of a compound of the general Formula I may be 
obtained by stereospecific synthesis using optically pure starting materials or reagents of known 
configuration. 

It is generally preferable to administer compounds of the present invention as 
enantiomerically pure formulations. Racemic mixtures can be separated into their individual 
enantiomers by any of a number of conventional methods. These include chiral chromatography, 
derivatization with a chiral auxiliary followed by separation by chromatography or 
crystallization, and fractional crystallization of diastereomeric salts. 

Furthermore, some of the crystalline forms for compounds of the present 
invention may exist as polymorphs and as such are intended to be included in the present 
invention. In addition, some of the compounds of the instant invention may form solvates 
with water or common organic solvents. Such solvates are encompassed within the scope of 
this invention. 

The term "pharmaceutically acceptable salts" refers to salts prepared from 
pharmaceutically acceptable non-toxic bases or acids including inorganic or organic bases and 
inorganic or organic acids. Salts derived from inorganic bases include aluminum, ammonium, 
calcium, copper, ferric, ferrous, lithium, magnesium, manganic salts, manganous, potassium, 
sodium, zinc, and the like. Particularly preferred are the ammonium, calcium, magnesium, 
potassium, and sodium salts. Salts derived from pharmaceutically acceptable organic non-toxic 
bases include salts of primary, secondary, and tertiary amines, substituted amines including 
naturally occurring substituted amines, cyclic amines, and basic ion exchange resins, such as 
arginine, betaine, caffeine, choline, N,N'-dibenzylethylenediamine, diethylamine, 2- 
diethylaminoethanol, 2-dimethylaminoethanol, ethanolamine, ethylenediamine, N-ethyl- 
morphoUne, N-ethylpiperidine, glucamine, glucosamine, histidine, hydrabamine, 
isopropylamine, lysine, methylglucamine, morpholine, piperazine, piperidine, polyamine resins, 
procaine, purines, theobromine, triethylamine, trimethylamine, tripropylamine, tromethamine, 
and the like. The term "pharmaceutically acceptable salt" further includes all acceptable salts 
such as acetate, lactobionate, benzenesulfonate, laurate, benzoate, malate, bicarbonate, maleate, 
bisulfate, mandelate, bitartrate, mesylate, borate, methylbromide, bromide, methylnitrate, 
calcium edetate, methylsulf ate, camsylate, mucate, carbonate, napsylate, chloride, nitrate, 
clavulanate, N-methylglucamine, citrate, ammonium salt, dihydrochloride, oleate, edetate, 
oxalate, edisylate, pamoate (embonate), estolate, pahnitate, esylate, pantothenate, fumarate, 
phosphate/diphosphate, gluceptate, polygalacturonate, gluconate, salicylate, glutamate, stearate, 
glycoUylarsanilate, sulfate, hexyhesorcinate, subacetate, hydrabamine, succinate, hydrobromide, 
tannate, hydrochloride, tartrate, hydroxynaphthoate, teoclate, iodide, tosylate, isothionate. 
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* 

triethiodide, lactate, panoate, valerate, and the like which can be used as a dosage form for 
modifying the solubility or hydrolysis characteristics or can be used in sustained release or pro- 
drug formulations. 

It will be understood that, as used herein, references to the compounds of Formula 
I are meant to also include the phaimaceutically acceptable salts. 

Compounds of the present invention are modulators of the CBl receptor. In 
particular, the compounds of structural formula I are antagonists or inverse agonists of the CBl 
receptor. 

An "agonist*' is a compound (homione, neurotransmitter or synthetic compound) 
which binds to a receptor, inducing a conformational change in the receptor which, in turn, 
produces a response such as contraction, relaxation, secretion, change in enzyme activity,, etc. 
similar to that elicited by the physiologically relevant agonist ligand(s) for that receptor. An 
"antagonist" is a compound which attenuates the effect of an agonist An "inverse agonist" is a 
compound which acts on a receptor but produces the opposite effect produced by the agonist of 

the particular receptpr. 

Compoimds of this invention are modulators of the CBl receptor and as such are 
useful as centrally acting dmgs in the treatment of psychosis, memory deficits, cognitive 
disorders, migraine, neuropathy, neuro-inflammatory disorders including multiple sclerosis and 
Guillain-Barre syndrome and the inflammatory sequelae of viral encephalitis, cerebral vascular 
accidents, and head trauma, anxiety disorders, stress, epilepsy, Parkinson's disease, movement 
disorders, and schizophrenia. The compounds are also useful for the treatment of substance 
abuse disorders, particularly to opiates, alcohol, marijuana, and nicotine. The compounds are 
also useful for the treatment of obesity or eating disorders associated with excessive food intake 
and complications associated therewith. The compounds are also useful for the treatment of 
constipation and chronic intestinal pseudo-obstruction. The compounds are also useful for the 
treatment of cirrhosis of the liver. The compounds are also useful for the treatment of asthma. 

The terms "administration of and or "administering a" compound should be 
understood to mean providing a compound of the invention or a prodrag of a compound of the 
invention to the individual in need of treatment. 

The administration of the compound of structural formula I in order to practice 
the present methods of therapy is carried out by administering an effective amount of the 
compound of stractural formula I to the patient in need of such treatment or prophylaxis. The 
need for a prophylactic administration according to the methods of the present invention is 
detennined via the use of well known risk factors. The effective amount of an individual 
compound is detennined, in the final analysis, by the physician in charge of the case, but 
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depends on factors such as the exact disease to be treated, the severity of the disease and other 
diseases or conditions from which the patient suffers, the chosen route of administration other 
drugs and treatmants which the patient may concomitantly require, and other factors in the 

physician's judgmrat 

The utilities of the presoit compounds in these diseases or disorders may be 
demonstrated in animal disease models that have been reported in the literature. The following 
are examples of such animal disease models: a) suppression of food intake and resultant weight 
loss in rats (life Sciences 1998, 63, 113-117); b) reduction of sweet food intake in marmosets 
(Behavioural Pharm 1998, 9, 179-181); c) reduction of sucrose and ethanol intake in mice 
(Psychophann. 1997, 132, 104-106); d) increased motor activity and place conditioning in rats 
(Psychopharm. 1998, 135, 324-332; Psychopharmacol 2000, 151: 25-30); e) spontaneous 
locomotor activity in mice (J. Pharm. Exp. Ther. 1996, 277, 586-594); f) reduction in opiate self- 
administiation in mice (Sci. 1999, 283, 401-404); g) bronchial hyperresponsiveness in sheep and 
guinea pigs as models for the various phases of asthma (for example, see W. M. Abraham et al., 
"a4-Integrins mediate antigen-induced late bronchial responses and prolonged airway 

hyperresponsiveness in sheep." J. Clin. Invest 93, 776 (1993) and A. A. Y. Milne and P. P. 
Piper, "Role of VLA-4 integrin in leucocyte recruitment and bronchial hyperresponsiveness in 
tiie gunea-pig." Eur. J. Pharmacol., 282, 243 (1995)); h) mediation of the vasodilated state in 
advanced liver cirrhosis induced by carbon tetrachloride (Nature Medicine, 2001, 7 (7), 827- 
832); i) amitiiptyline-induced constipation in cynomolgus monkeys is beneficial for the 
evaluation of laxatives (Biol. Pharm. Bulletin (Japan), 2000, 23(5), 657-9); j) neuropathology of 
paediatric chronic intestinal pseudo-obstruction and animal models related to the neuropathology 
of paediatric chronic intestinal pseudo-obstiuction (Journal of Pathology (England), 2001, 194 
(3), 277-88). 

The magnitude of prophylactic or therapeutic dose of a conq)ound of Formula I 
will, of course, vary with the nature of the severity of the condition to be treated and with the 
particular compound of Formula I and its route of administiration. It will also vary according to 
the age, weight and response of the individual patient In general, the daily dose range lie witiiin 
the range of from about 0.001 mg to about 100 mg per kg body weight of a mammal, preferably 
0.01 mg to about 50 mg per kg, and most preferably 0.1 to 10 mg per kg, in single or divided 
doses. On tiie other hand, it may be necessary to use dosages outside these limits in some cases. 

For use where a composition for intravenous administration is employed, a 
suitable dosage range is from about 0.001 mg to about 25 mg (preferably from 0.01 mg to about 
1 mg) of a compound of Formula I per kg of body weight per day and for preventive use from 
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about 0.1 mg to about 100 mg (preferably from about 1 mg to about 100 mg and more preferably 
from about 1 mg to about 10 mg) of a compound of Formula I per kg of body weight per day. 

In the case where an oral composition is employed, a suitable dosage range is, e.g. 
fix)m about 0.01 mg to about 1000 mg of a compound of Formula I per day, preferably from 
5 about 0.1 mg to about 10 mg per day. For oral administration, the compositions are preferably 
provided in the form of tablets containing from 0.01 to 1,000 mg, preferably 0.01, 0.05, 0.1, 0.5, 
1, 2.5, 5, 10, 15, 20, 25, 30, 40, 50, 100, 250, 500, 750 or 1000 milligrams of the active 
ingredient for the symptomatic adjustment of the dosage to the patient to be treated. 

For the treatment of diseases of the eye, ophthalmic preparations for ocular 
10 administration comprising 0.001-1% by weight solutions or suspensions of the compounds of 
Formula I in an acceptable ophthalmic formulation may be used. 

Another aspect of the present invention provides pharmaceutical conipositions 
which comprises a compound of Formula I and a phaimaceutically acceptable carrier. The term 
''composition", as in pharmaceutical composition, is intended to encompass a product 
15 comprising the active ingredient(s), and the inat ingredient(s) (pharmaceutically acceptable 
excipients) that make up the carrier, as well as any product which results, directly or indirectly, 
firom combination, complexadon or aggregatibn of any two or more of the ingredients, or from 
dissociation of one or more of the ingredients, or firom other types of reactions or interactions of 
one or more of the ingredients. Accordingly, the pharmaceutical compositions of the present 
20 invention encompass any composition made by admixing a compound of Formula I, additional 
active ingredient(s), and pharmaceutically acceptable excipients. 

Any suitable route of administration may be employed for providing a maixmial, 
especially a human, with an effective dosage of a compound of the present invention. For 
example, oral, rectal, topical, parenteral, ocular, pulmonary, nasal, and the like may be 
25 employed. Dosage forms include tablets, troches, dispersions, suspensions, solutions, capsules, 
creams, ointments, aerosols, and the like. 

The pharmaceutical compositions of the present invention comprise a compound 
of Formula I as an active ingredient or a pharmaceutically acceptable salt thereof, and may also 
contain a pharmaceutically acceptable carrier and optionally other therapeutic ingredients. By 
30 "pharmaceutically acceptable" it is meant the carrier, diluent or exdpient must be compatible 
with the other ingredients of the formulation and not deleterious to the recipient thereof. In 
particular, the term ''pharmaceutically acceptable salts" refers to salts prepared firom 
pharmaceutically acceptable non-toxic bases or acids including inorganic bases or acids and 
organic bases or acids. 
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The compositions include compositions suitable for oral, rectal, topical, parenteral 
(including subcutaneous, intramuscular, and intravenous), ocular (ophthalmic), pulmonary 
(aerosol inhalation), or nasal administration, although the most suitable route in any given case 
will depend on the nature and severity of the conditions being treated and on the nature of the 
active ingredient. They may be convenienfly presented in unit dosage form and prepared by any 
of the methods well-known in the art of pharmacy. 

For administration by inhalation, the compounds of the present invention are 
convenientiy delivered in the form of an aerosol spray presentation from pressurized packs or 
nebulizers. The compounds may also be delivered as powders which may be formulated and the 
powder composition may be inhaled with the aid of an insufflation powder inhaler device. The 
preferred delivery systems for inhalation are metered dose inhalation (MDI) aerosol, which may 
be formulated as a suspension or solution of a compound of Formula I in suitable propellants, 
such as fluorocarbons or hydrocarbons and dry powder inhalation (DPI) aerosol, which may be 
formulated as a dry powder of a compound of Formula I with or without additional excipients. 

Suitable topical formulations of a compound of formula I include transdermal 
devices, aerosols, creams, solutions, ointments, gels, lotions, dusting powders, and the like. The 
topical pharmaceutical compositions containing the compounds of the present invention 
ordinarily include about 0.005% to 5% by weight of the active compoimd in admixture with a 
pharmaceutically acceptable vehicle. Transdermal skin patches useful for administering the 
compounds of the present inveniton include those well known to those of ordinary skill in that 
art. To be administered in the form of a transdermal delivery system, the dosage administration 
will, of course, be continuous rather than intermittent throughout the dosage regimen. 

In practical use, the compounds of Formula I can be combined as the active 
ingredient in intimate admixture with a pharmaceutical carrier according to conventional 
pharmaceutical compounding techniques. The carrier may take a wide variety of forms 
depending on the form of preparation desired for administration, e.g., oral or parenteral 
(including intravenous). In preparing the compositions for oral dosage form, any of the usual 
pharmaceutical media may be employed, such as, for example, water, glycols, oils, alcohols, 
flavoring agents, preservatives, coloring agents and the like in the case of oral liquid 
preparations, such as, for example, suspCTsions, elixirs and solutions; or carriers such as 
starches, sugars, microcrystalline cellulose, diluents, granulating agents, lubricants, binders, 
disintegrating agents and the like in the case of oral solid preparations such as, for example, 
powders, capsules and tablets, with the solid oral preparations being preferred over the liquid 
preparations. Because of their ease of administration, tablets and capsules represent the most 
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advantageous oral dosage unit form in which case solid phannaceutical carders are obviously 
employed* If desired, tablets may be coated by standard aqueous or nonaqueous techniques. 

In addition to the common dosage forms set out above, the compounds of 
Formula I may also be administered by controlled release means and/or delivery devices such as 
those described in U.S. Patent Nos. 3,845,770; 3,916,899; 3,536,809; 3,598,123; 3,630,200 and 
4,008,719. 

Pharmaceutical compositions of the present invention suitable for oral 
administration may be presented as discrete units such as capsules (including timed release and 
sustained release formulations), pills, cachets, powders, granules or tablets each containing a 
predetermined amount of the active ingredient, as a powder or granules or as a solution or a 
suspension in an aqueous liquid, a non-aqueous liquid, an oil-in-water emulsion or a water-in-oil 
liquid emulsion, incluidng elixirs, tinctures, solutions, suspensions, syrups and emulsions. Such 
compositions may be prepared by any of the methods of pharmacy but all methods include the 
step of bringing into association the active ingredient with the carrier which constitutes one or 
more necessary ingredients. In general, the compositions are prepared by uniformly and 
intimately admixing the active ingredient with liquid carriers or finely divided solid carriers or 
both, and then, if necessary, shaping the product into the desired presentation. For example, a 
tablet may be prepared by compression or molding, optionally with one or more accessory 
ingredients. Compressed tablets may be prepared by compressing in a suitable machine, the 
active ingredient in a fi»e-flowing form such as powder or granules, optionally mixed with a 
binder, lubricant, inert diluent, surface active or dispersing agent. Molded tablets may be made 
by molding in a suitable machine, a mixture of the powdered compound moistened with an inert 
liquid diluent. Desirably, each tablet contains from 0.01 to 1,000 mg, particularly 0.01, 0.05, 
0.1, 0.5, 1, 2.5, 3, 5, 6, 10, 15, 25, 50, 75, 100, 125, 150, 175, 180, 200, 225, 500, 750 and 1,000 
milligrams of the active ingredient for the symptomatic adjustment of the dosage to the patient to 
be treated, and each cachet or cs^sule contains from about 0.01 to 1,000 mg, particularly 0.01, 
0.05, 0.1, 0.5, 1.0, 2.5, 3, 5, 6, 10, 15, 25, 50, 75, 100, 125, 150, 175, 180, 200, 225, 500, 750 and 
1,000 milligrams of the active ingredirat for the symptomatic adjustment of the dosage to the 

patient to be treated. 

Additional suitable means of administration of the compounds of the present 
invention include injection, intravenous bolus or infusion, intrap^toneal, subcutaneous, 
intramuscular and topical, with or without occlusion. 

Exemplifying the invention is a pharmaceutical composition comprising any of 
the compounds described above and a pharmaceutically acceptable carrier. Also exemplifying 
the invention is a pharmaceutical composition made by combining any of the compounds 
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desciibed above and a phannaceutically acceptable carrier. An illustration of the invention is a 
process for making a pharmaceutical composition comprismg combining any of the compounds 
described above and a phannaceutically acceptable carrier. 

The dose may be administered in a single daily dose or the total daily dosage may 
be administered in divided doses of two, three or four times daily. Furthermore, based on the 
properties of the individual compound selected for administration, the dose may be administered 
less frequently, e.g., weekly, twice weekly, monthly, etc. The unit dosage will, of course, be 
correspondingly larger for the less frequent administration. 

When administered via intranasal routes, transdermal routes, by rectal or vaginal 
suppositories, or through a continual intravenous solution, the dosage administration will, of 
course, be continuous rather than intermittent throughout the dosage regimen. 

The following are examples of representative pharmaceutical dosage forms for the 

compounds of Formula I: 



Injectable Suspension g M ) m^/ml. 

Ck>mpound of Formula I 10 

MethylceUulose 5.0 

Tween 80 0.5 

Benzyl alcohol 9.0 

Benzalkonium chloride 1 .0 

Water for injection to a total volume of 1 mL 

Tablet mg/tablet 

Compound of Formula I 25 
Microcrystalline Cellulose 415 
Povidone 14.0 
Pregelatinized Starch 43.5 
Magnesium Stearate 2.5 

500 

Capsule mg/c^sule 

Compound of Formula I 25 
Lactose Powder 573.5 
Magnesium Stearate 1 .5 

600 
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Aerosol Per canister 

Compound of Formula I 24 mg 

Lecithin, NF Liq. Cone. 1.2 mg 

Trichlorofluoiomethane, NF 4.025 g 

Dichlorodifluoromethane, NF 12. IS g 

Compounds of Fonnula I may be used in combination with other drugs that are 
used in the tieatment/pievention/suppiession or amelioration of the diseases or conditions for 
which compounds of Fonnula I are useful. Such other drugs may be administered, by a route 
and in an amount commonly used therefor, contemporaneously or sequentially with a compound 
of Formula L When a compound of Formula I is used contemporaneously with one or more 
other drugs, a pharmaceutical composition containing such other drugs in addition to the 
compound of Formula I is preferred. Accordingly, the pharmaceutical compositions of the 
present invention include those that also contain one or more other active ingredients, in addition 
to a compound of Formula L Examples of other active ingredients that may be combined with a 
compound of Formula I include, but are not limited to: antipsychotic agents, cognition 
enhancing agents, anti-migraine agents, anti-asthmatic agents, antiinflammatory agents, 
axiolytics, anti-Parkinson's agents, anti-epileptics, anorectic agents, and serotonin reuptake 
inhibitors, and other anti-obesity agents which may be achninistered separately or in the same 

pharmaceutical compositions. 

The present invention also provides a method for the treatment or prevention of a 
CBl receptor modulator mediated disease, which method comprises administration to a patient 
in need of such treatment or at risk of developing a CBl receptor modulator mediated disease of 
an amount of a CBl receptor modulator and an amount of one or more active ingredients, such 

that together they give effective relief. 

In a further aspect of the present invention, there is provided a pharmaceutical 
composition comprising a CBl receptor modulator and one or more active ingredients, together 
with at least one pharmaceutically acceptable carrier or excipient. 

Thus, according to a further aspect of the present invention there is provided the 
use of a CBl receptor modulator and one or more active ingredients for the manufacture of a 
medicament for the treatment or prevention of a CBl receptor modulator mediated disease. In a 
further or alternative aspect of the present invention, there is th^fore provided a product 
comprising a CBl receptor modulator and one or more active ingredients as a combined 
preparation for simultaneous, separate or sequential use in the treatment or prevention of CBl 
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leceptor modulator mediated disease. Such a combined preparation noay be, for example, in the 

form of a twin pack. 

It will be appreciated that for the treatment or prevention of eating disorders, 
including obesity, bulimia nervosa and compulsive eating disorders, a compound of the present 
invention noiay be used in conjunction with other anorectic agents. 

The present invention also provides a method for the treatment or prevention of 
eating disorders, which method comprises administration to a patient in need of such treatment 
an amount of a compound of the present invention and an amount of an anorectic agent, such 
that together they give effective relief. 

Suitable anorectic agents of use in combination with a compound of the present 
invention include, but are not limited to, aminorex, amphechloral, amphetamine, benzphetamine, 
chlorphentermine, clobenzorex, cloforex, clominorex, clortemiine, cyclexedrine, 
dexfenfluramine, dextroamphetamine, diethylpropion, diphemethoxidine, iV-ethylamphetamine, 
fenbutrazate, fenfluramine, fenisorex, fenproporex, fludorex, fluminorex, 
furfurylroethylamphetamine, levamfetanoine, levophacetoperane, mazindol, mefenorex, 
metamfepramone, methamphetamine, norpseudoephedrine, pentorex, phendimetrazine, 
phenmetrazine, phentennine, phenylpropanolamine, picilorex and sibutramine; and 
phannaceutically acceptable salts thereof. 

A particularly suitable class of anorectic agent are the halogenated amphetamine 
derivatives, including chlorphentacmine, cloforex, clortermine, dexfenfluramine, fenfluramine, 
picilorex and sibutramine; and pharmaceutically acceptable salts thereof 

Particularly preferred halogenated amphetamine derivatives of use in combination 
with a compound of the present invention include: fenfluramine and dexfenfluramine, and 
pharmaceutically acceptable salts thereof. 

It will be appreciated that for the treatment or prevention of obesity, the 
compounds of the present invention may also be used in combination with a selective serotonin 

reuptake inhibitor (SSRI). 

The present invention also provides a method for the treatment or prevention of 
obesity, which method comprises administration to a patient in need of such treatment an amount 
of a compound of the present invention and an amount of an SSRI, such that together they give 
effective reUef . 

Suitable selective serotonin reuptake inhibitors of use in combination with a 
compound of the present invention include: fluoxetine, fluvoxamine, paroxetine, sertraline, and 
imipramine, and pharmaceutically acceptable salts thereof. 
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It will be appreciated that for flie treatment or prevention of obesity, the 
compounds of the present invention may also be used in combination with an opioid antagonist. 

The present invention also provides a method for the treatment or prevention of 
obesity, which method comprises administration to a patient in need of such treatment an amount 
of a compound of the present invention and an amount of an opioid antagonist, such that together 

they give effective relief. 

Suitable opioid antagonists of use in combination with a compound of the present 
invention include: naltrexone, 3-methoxynaltrexone, naloxone and nalmefene, and 
phannaceutically acceptable salts thereof. 

It will be appreciated that for the treatment or prevention of obesity, the compounds 
of the present invention may also be used in combination with inhibitors of the enzyme 
U^HSDl. Generally, glucocorticoid concentrations are modulated by tissue-specific 
116-hydroxysteroid dehydrogenase enzymes. The llB-hydroxysteroid dehydrogenase type 1 
enzyme (1 1^-HSDl) is a low affinity enzyme that generally uses NADP+ as a cofactor rather than 
NAD+ (Agarwal et a/., 1989). In vitro studies have shown that 116-HSDl is capable of acting as 
both a reductase and a dehydrogenase. However, 1 16-HSDl in vivo generally acts as a reductase, 
converting U-ketoglucocorticoids, such as cortisone, to lld-hydroxyglucocorticoids such as 
Cortisol. 

Excessive levels of Cortisol have been associated with obesity, perhaps due to 
increased hepatic gluconeogenesis. Thus, the administration of an effective amount of an 11^ 
HSDl inhibitor in combination with a CBl antagonist of the present invention may be useful in 
the treatment or control of obesity. Particular inhibitors of lld-HSDl useful m combination 
with the compounds of the present invention include: 3-(l-adamantyl>4-ethyl-5-(ethylthio)-4H- 
1,2,4-triazole, 3-(l-adamantyl)-5<3,4,5-trimethoxyphenyl>4-methyl-4H-l,2,4-^ and 3- 
adamantanyl-4,5,6,7,8,9,10,ll,12,3a-decahydro-lA4-ttiazolo[^^^^ 

It will be appreciated that for the treatment or prevention of obesity, the 
compounds of the present invention may also be used in combination with another anti-obesity 
agent 

The present invention also provides a method for the treatn:ient or prevention of 
obesity, which method comprises administration to a patient in need of such treatment an amount 
of a compound of the present invention and an amount of another anti-obesity agent, such that 
together they give effective relief. 

Suitable anti-obesity agents of use in combination with a compomid of the present 
invention, mclude, but are not limited to: 1) growth hormone secretagogues, such as those 
disclosed and specifically described in U.S. Patent 5,536,716; 2) growth hormone secretagogue 
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receptor agonists/antagonists, such as NN703, hexarelin, MK-0677, SM-130686, CP-424,391, L- 
692,429 and L-163,255, and such as those disclosed in U.S. Patent No. 6^58,951, U.S. Patent 
AppUcation Nos. 2002/049196 and 2002/022637, and PCT Application Nos. WO 01/56592 and 
WO 02/32888; 3) melanocortin agonists, such as Melanotan II or those desoibed in WO 
99/64002 and WO 00/74679; 4) Mc4r (melanocortin 4 receptor) agonists, such as CHIR86036 
(Oiiron), MB-10142, and ME-10145 Qxtelacure), and those disclosed in PCT Application Nos. 
WO 01/991752. WO 01/74844, WO 02/12166, WO 02/11715, and WO 02/12178; 5) P-3 
agonists, such as AD9677/rAK677 (Dainippon/Takeda), CL-316,243, SB 418790, BRL-37344, 
L-796568, BMS-196085, BRL-35135A, CGP12177A, BTA-243. Tiecadrine, ZenecaD7114, SR 
59119A, and such as those disclosed in U.S. Patent Application Nos. 5,705,515, and US 
5,451,677 and PCT Patent PubUcations W094/18161, W095/29159, W097/46556, 
WO98/04526 and W098/32753, WO 01/74782, and WO 02/32897; 6) 5Hr-2 agonists; 7) 
5HT2C (serotonin receptor 2C) agonists, such as BVT933, DPCA37215, WAY161503, R-1065, 
and those disclosed in U.S. Patent No. 3,914,250, and PCT AppUcation Nos. WO 02/36596, WO 
02/48124, WO 02/10169, WO 01/66548, WO 02/44152, WO 02/51844, WO 02/40456, and WO 
02/40457; 8) orexin antagonists, such as SB-334867-A, and those disclosed in PCT Patent 
AppUcation Nos. WO 0^96302, WO 01/68609, WO 02/51232, and WO 02/51838; 9) melanin 
concentrating hormone antagonists; 10) melanin-concentrating hormone 1 receptor (MCHIR) 
antagonists, such as T-226296 (lakeda), and those disclosed in PCT Patent AppUcation Nos. 
WO 01/82925, WO 01/87834, WO 02/06245, WO 02/04433, and WO 02/51809, and Japanese 
Patoit AppUcation No. JP 13226269; 11) melanin-concentrating hormone 2 receptor (MCH2R) 
agonist/antagonists; 12) galanin antagonists; 13) CCK agonists; 14) CCK-A (cholecystokinin - 
A) agonists, such as AR-R 15849, GI 181771, JMV-180, A-71378, A-71623 and SR146131, and 
those disciibed in U.S. Patent No. 5,739,106; 15) GLP-1 agonists; 16) corticotropin-releasing 
hormone agonists; 17) NPY 5 antagonists, such as GW-569180A, GW-594884A, GW-587081X, 
GW-548118X, FR226928, PR 240662, FR252384, 1229U91, GI-264879A, CGP71683A, LY- 
377897, PD-160170, SR-120562A, SR-120819A and JCF-104, and those disclosed in U.S. 
Patent Nos. 6,140,354, 6,191,160, 6313,298, 6,337,332, 6,329,395, 6^26,375, 6,335,345, and 
6,340,683, European Patent Nos. EP-01010691, and EP-01044970. and PCT Patent PubUcation 
Nos. WO 97/19682, WO 97/20820, WO 97/20821, WO 97/20822, WO 97/20823, WO 
98/27063, WO 00/64880, WO 00/68197, WO 00/69849, WO 01/09120, WO 01/14376, WO 
0y85714, WO 01/85730, WO 0^07409, WO 01/02379, WO 0y02379, WO 01/23388, WO 
01/23389, WO 0^44201, WO 0^62737, WO 01/62738, WO 01/09120, WO 02/22592, WO 
0248152, and WO 02/49648; 18) NPY 1 antagonists, such as BIBP3226, J-1 15814, BIBO 3304, 
LY-357897, CP-671906, GI-264879A, and those disclosed in U.S. Patent No. 6.001,836, and 
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PCX Patent PubUcation Nos. WO 96/14307. WO 01/23387. WO 99/51600, WO 01/85690. WO 
01/85098, WO 01/85173, and WO 01/89528; 19) histamine receptor-3 (BB) modulators; 20) 
histamine receptor-3 (EB) antagonists/inverse agonists, such as hioperamide, 3-(lH-imidazol-4- 
yl)propyl N-(4-pentenyl)caibamate, clobenpropit, iodophenpropit, imoproxifan, GT2394 

5 (Gliatech), and those described and disclosed in PCT Application No. WO 02/15905, and 0-[3- 
(lH-imidazol-4-yl)propanol]-carbamates (Kiec-Kononowicz, K. et al., Phannazie, 55:349-55 
(2000)), piperidine-containing histamine H3-receptor antagonists ^^azewska, D. et al.j 
Phannazie, 56:927-32 (2001), benzophenone derivatives and related compounds (Sasse, A. et al.. 
Arch. Phann.(Weinhdm) 334:45-52 (2001)), substituted N-phenylcarbamates (Reidemeister, S. 

10 et al., Pharmazie, 55:83-6 (2000)), and proxifan derivatives (Sasse, A. et al., J. Med. Chem.. 
43:3335-43 (2000)); 21) p-hydroxy steroid dehydrogenase-1 inhibitors 0-HSD-l); 22) PDE 
(phosphodiesterase) inhibitors, such as theophylline, pentoxifylline, zaprinast, sildenafil, 
amrinone, milrinone, cilostamide, rolipram, and dlomilast; 23) phosphodiesterase-3B (EDE3B) 
inhibitors; 24) NE (norepinq)hrine) transport inhibitors, such as GW 320659, despiramine. 

15 talsupram, and nomifensine; 25) non-selective serotonin/norepinephrine transport inhibitors, 
such as sibutramine or fenfluramine; 26) ghrelin antagonists, such as those disclosed in PCT 
Application Nos. WO 01/87335, and WO 02/08250; 27) leptin, including recombinant human 
leptin (PEG-OB, Hoffinan La Roche) and recombinant methionyl human leptin (Amgen); 28) 
leptin derivatives, such as those disclosed in U.S. Patent Nos. 5,552,524, 5,552,523, 5,552,522, 

20 5,521,283, and PCT International PubUcation Nos. WO 96/23513, WO 96/23514, WO 96/23515, 
WO 96/23516, WO 96/23517, WO 96/23518, WO 96/23519, and WO 96/23520; 29) BRS3 
(bombesin receptor subtype 3) agonists; 30) CNTF (Ciliary neurotrophic factors), such as GI- 
181771 (Glaxo-SmithKline), SR146131 (Sanofi Synthelabo), butabindide, PD170,292, andPD 
149164 (Pfizer); 31) CNTF derivatives, such as axokine (Regeneron), and those disclosed in 

25 PCT AppUcation Nos. WO 94/09134, WO 98/22128, and WO 99/43813; 32) monoamine 
reuptake inhibitors, such as those disclosed in PCT Application Nos. WO 01/27068, and WO 
01/62341; 33) UCP-1 (uncoupling protein-l), 2, or 3 activators, such as phytanic acid, 4-[(E)-2- 
(5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-2-naptfialenyl)-l-propenyl]benzoicaddCITNPB), 

retinoic acid, and those disclosed in PCT Patent Application No. WO 99/00123; 34) tiiyroid 
30 hormone ft agonists, such as KB-261 1 (KaroBioBMS), and those disclosed in PCT Application 
No. WO 02/15845, and Japanese Patent Application No. JP 2000256190; 35) FAS (fatty acid 
synthase) inhibitors, such as Cerulenin and C75; 36) DGATl (diacylglycerol acyltransferase 1) 
inhibitors; 37) DGAT2 (diacylglycerol acyltiansferase 2) inhibitors; 38) ACC2 (acetyl-CoA 
carboxylase-2) inhibitors; 39) glucocorticoid antagonists; 40) acyl-esttogens, such as oleoyl- 
35 estrone, disclosed in del Mar-Grasa, M. et al.. Obesity Research, 9:202-9 (2001); 41) Upase 
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inhibitors, such as orUstat (Xenical®), Triton WR1339, RHC80267, lipstatin, tetrahydrolipstatin, 
teasaponin, diethylumbelliferyl phosphate, and those disclosed in PCX Application No. WO 
01/77094; 42) fatty acid transporter inhibitors; 43) dicarboxylate transporter inhibitors; 44) 
glucose transporter inhibitors; 45) phosphate transporter inhibitors; 46) serotonin reuptake 

5 inhibitors, such as those disclosed m U.S. Patent Application No. 6365,633, and PCX Patent 
AppUcation Nos. WO 01/27060, and WO 01/162341; 47) Metformin (Glucophage®); and/or 48) 
Topiramate (Topimax®). 

Specific NPY5 antagonists of use in combination with a compound of the present 
invention aie selected from the group consisting of: 

10 (1) 3-oxo-N-(5-phenyl-2-pyrazinyl)-spiro[isobenzofuran-l(3H),4*-piperidi^ 

carboxamide, 

(2) 3K)xo-N-(7-trifluoromethylpyrido[3,2-b]pyridin-2-yl)spiro-[isoben^ 
1(3H),4' -piperidine]-l ' -carboxamide, 

(3) N-[5-(3-fluorophenyl)-2-pyrimidinyl^3-oxospiro-[isobenzofi^ 
15 piperidine]- I'-carboxamide, 

(4) trans-3 '-oxo-N-(5-phenyl-2-pyrimidinyl)spiro[cyclohexane-l ,1 ' (3 'H> 

isobenzofuran]-4-carboxamide, 

(5) trans-3'-oxo-N-[l-(3-quinolyl)-4-imidazolyl]spiro[cyclohexane-l^ 
isobenzofi3ran]-4-carboxamide^ 

20 (6) trans-3-oxo-N-(5-phenyl-2-pyrazinyl)spiro[4-a2aiso-benzofuran- l(3H^,r- 

cyclohexane]-4' -carboxamide, 

(7) trans-N-[5-(3-fluorophenyl)-2-pyrinddinyl]-3-oxospiro[5-azaisobenzofurm 

1 (3H), 1 ' -cyclohexane]-4' -carboxamide, 

(8) trans-N-[5-(2-fluorophenyl)-2-pyrimidinyl]-3-oxospiro[5-azaisoben2ofe 
25 1 (3H), 1 ' -cyclohexane]-4' -carboxamide, 

(9) trans-N-[l-(3,5-difluorophenyl)-4-imidazolyl]-3-oxospirp[7-azaisobenzofuran- 
1(3H), 1 ' -cyclohexane]-4' -carboxamide, 

(10) trans-3-oxo-N-(l-phenyl-4-pyrazolyl)spiro[4-azaisobenzofu^ 
cyclohexane]-4' -carboxamide, 

30 (1 1) trans-N-[l-(2-fluon)ph«iyl>3-pyimolyl]-3-oxospiro[6-azaisobenzofiu^ 

1 (3H), 1 ' -cyclohexane]-4' -carboxamide, 

(12) trans-3-oxo-N-(l-phenyl-3-pyrazolyl)spiro[6-a2aisobenzofuran-U 
cyclohexane]-4'^arboxamide, 

(13) trans-3-oxo-N-(2-phenyl-l,2,3-triazol-4-yl)spiro[6-azaisobenzofin:^ 
35 cyclohexane]-4' -carboxamide, 
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and phannaceutically acceptable salts and esters thereof. 

"Obesity" is a condition in which there is an excess of body fat. The operational 
definition of obesity is based on the Body Mass Index (BMI), which is calculated as body weight 
per height in meters squared O^g/m^), "Obesity" refers to a condition whereby an otherwise 
healthy subject has a Body Mass Index (BMI) greater than or equal to 30 kg/m2, or a condition 
whereby a subject with at least one co-morbidity has a BMI greater than or equal to 27 kg/m2. 
An "obese subject" is an otherwise healthy subject with a Body Mass Index (BMI) greater than 
or equal to 30 kg/m2 or a subject with at least one co-morbidity with a BMI greater than or equal 
to 27 kg/m2. A "subject at risk for obesity" is an otherwise healthy subject with a BMI of 25 
kg/m2 to less than 30 kg/m2 or a subject witii at least one co-morbidity with a BMI of 25 kg/m2 

to less than 27 kg/m2. 

The increased risks associated with obesity occur at a lower Body Mass Index 
(BMD in Asians. In Asian countries, including Japan, "obesity" refers to a condition whereby a 
subject with at least one obesity-induced or obesity-related co-morbidity that requires weight 
reduction or that would be improved by weight reduction, has a BMI greater than or equal to 25 
kg/m2. In Asian countries, including Japan, an "obese subject" refers to a subject with at least 
one obesity-induced or obesity-related co-morbidity that requires weight reduction or that would 
be improved by weight reduction, with a BMI greater than or equal to 25 kg/m2 In Asian 
countries, a "subject at risk for obesity" is a subject with a BMI of greater than 23 kg/m2 to less 
than 25 kg/m2. 

As used herein, the term "obesity" is meant to encompass all of the above 

definitions of obesity. 

Obesity-induced or obesity-related co-morbidities include, but are not limited to, 
diabetes, non-insulin dependent diabetes mellitus - type 2, impaired glucose tolerance, impaired 
fasting glucose, insulin resistance syndrome, dyslipidemia, hypertension, hyperuricacidemia, 
gout, coronary artery disease, myocardial infarction, angina pectoris, sleep apnea syndrome, 
Pickwickian syndrome, fatty liver; cerebral infarction, cerebral thrombosis, transient ischemic 
attack, orthopedic disorders, arthritis deformans, lumbodynia, emmeniopathy, and infertility. In 
particular, co-morbidities include: hypertension, hyperlipidemia, dyslipidemia, glucose 
intolerance, cardiovascular disease, sleep apnea, diabetes mellitus, and other obesity-related 
conditions. 

*Treatmenf ' (of obesity and obesity-related disorders) refers to the administration 
of the compounds or compositions of the present invention to reduce or maintain the body 
weight of an obese subject One outcome of treatment may be reducing the body weight of an 
obese subject relative to that subject's body weight immediately before the administration of the 
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compounds or compositions of the present invention. Another outcome of treatment may be 
preventing regain of body weight previously lost as a result of diet, exercise, or 
pharmacotherapy. Another outcome of treatment may be decreasing the occurrence of and/or the 
severity of obesity-related diseases. The treatment may suitably result in a reduction in food or 
calorie intake by the subject, including a reduction in total food intake, or a reduction of intake of 
specific components of the diet such as carbohydrates or fats; and/or the inhibition of nutrient 
absorption; and/or the inhibition of the reduction of metabolic rate; and in weight reduction in 
patients in need thereof. The treatment may also result in an alteration of metabolic rate, such as 
an increase in metabolic rate, rather than or in addition to an inhibition of the reduction of 
metabolic rate; and/or in minimization of the metabolic resistance that normally results from 
weight loss. 

*Trevention" (of obesity and obesity-related disorders) refers to the administration 
of the compounds or compositions of the present invention to reduce or m aintain the body 
weight of a subject at risk for obesity. One outcome of prevention may be reducing the body 
weight of a subject at risk for obesity relative to that subject's body weight immediately before 
the administration of the compounds or compositions of the present invention. Another outcome 
of prevention rnay be preventing body weight regain of body weight previously lost as a result of 
diet, exercise, or pharmacotherapy. Another outcome of prevention may be preventing obesity 
from occurring if the treatment is administered prior to the onset of obesity in a subject at risk for 
obesity. Another outcome of prevention may be decreasing the occurrence and/or severity of 
obesity-related disorders if the treatment is administered prior to the onset of obesity in a subject 
at risk for obesity. Moreover, if treatment is conunenced in already obese subjects, such 
treatment may prevent the occurrence, progression or severity of obesity-related disorders, such 
as, but not limited to, arteriosclerosis. Type n diabetes, polycystic ovarian disease, 
cardiovascular diseases, osteoarthritis, dermatological disorders, hypertension, insulin resistance, 
hypercholesterolemia, hypertriglyceridemia, and cholelithiasis. 

Obesity-related disorders are associated with, caused by, or result from obesity. 
Examples of obesity-related disorders include overeating and bulimia, hypertension, diabetes, 
elevated plasma insulin concentrations and insulin resistance, dyslipidemias, hyperlipidemia, 
endometrial, breast, prostate and colon cancer, osteoarthritis, obstructive sleep apnea, 
cholelithiasis, gallstones, heart disease, abnormal heart rhythms and arrythmias, myocardial 
infarction, congestive heart failure, coronary heart disease, sudden death, stroke, polycystic 
ovarian disease, craniopharyngioma, the Prader-Willi Syndrome, Rohlich's syndrome, GH- 
deficient subjects, normal variant short stature. Turner's syndrome, and other pathological 
conditions showing reduced metabolic activity or a decrease in resting energy expenditure as a 
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percentage of total fat-ficee mass, e.g, children with acute lymphoblastic leukemia* Further 
examples of obesity-related disorders are metabolic syndrome, also known as syndrome X, 
insulin resistance syndrome, sexual and reproductive dysfunction, such as infertility, 
hypogonadism in males and hirsutism in females, gastrointestinal motility disorders, such as 
obesity-related gastro-esophageal reflux, respiratory disorders, such as obesity-hypoventilation 
syndrome (Pickwickian syndrome), cardiovascular disorders, inflammation, such as systemic 
inflammation of the vasculature, arteriosclerosis, hypercholesterolemia, hyperuricaemia, lower 
back pain, gallbladder disease, gout, and kidney cancer. The compositions of the present 
invention are also useful for reducing the risk of secondary outcomes of obesity, such as 
reducing the risk of left ventricular hypertrophy. 

The term "diabetes," as used herein, includes both insulin-dependent diabetes 
mellitus (i.e., IDDM, also known as type I diabetes) and non-insulin-dependent diabetes 
mellitus (i.e., NIDDM, also known as Type II diabetes. Type I diabetes, or insulin- 
dependent diabetes, is the result of an absolute deficiency of insulin, the hormone which 
regulates glucose utilization. Type n diabetes, or insulin-independent diabetes (i.e., non- 
insulin-dependent diabetes mellitus), often occurs in the face of normal, or even elevated 
levels of insulin and appears to be the result of the inability of tissues to respond 
appropriately to insulin. Most of the Type n diabetics are also obese. The compounds and 
compositions of the present invention are useful for treating both Type I and Type n 
diabetes. Hie compounds and compositions are especially effective for treating Type n 
diabetes. The compounds and compositions of the present invention are also useful for 
treating and/or preventing gestational diabetes mellitus. 

It will be appreciated that for the treatment or prevention of migraine, a 
compound of the present invention may be used in conjunction with other anti-migraine agents, 
such as ergotamines or S-HTi agonists, especially sumatriptan, naratriptan, zolmatriptan or 

rizatriptan. 

It will be appreciated that for the treatment of depression or anxiety, a compound 
of the present invention may be used in conjunction with other anti-depressant or anti-anxiety 
agents. 

Suitable classes of anti-depressant agents include norepinephrine reuptake 
mhibitors, selective serotonin reuptake inhibitors (SSRIs), monoamine oxidase inhibitors 
(MAOIs), reversible inhibitors of monoamine oxidase (RIMAs), serotonin and noradrenaline 
reuptake inhibitors (SNRIs), corticotropin releasing factor (CRF) antagonists, ct-adrenoreceptor 
antagonists, neurokinin-1 receptor antagonists and atypical anti-depressants. 
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Suitable norepinephrine reuptake inhibitors include tertiary amine tricyclics and 
secondary amine tricyclics. Suitable examples of tertiary amine tricyclics include: amitriptyline, 
clomipramine, doxepin, imipramine and trimipramine, and pharmaceutically acceptable salts 
thereof. Suitable examples of secondary amine tricyclics include: amoxapine, desipramine, 
maprotiline, nortriptyline and protriptyline, and pharmaceutically acceptable salts thereof. 

Suitable selective serotonin reuptake inhibitors include: fluoxetine, fluvoxamine, 
paroxetine and sertraline, and pharmaceutically acceptable salts thereof. 

Suitable monoamine oxidase inhibitors include: isocarboxazid, phenelzine, 
tranylcypromine and selegiline, and pharmaceutically acceptable salts thereof. 

Suitable reversible inhibitors of monoamine oxidase include: moclobemide, and 

phannaceutically acceptable salts thereof. 

Suitable serotonin and noradrenaline reuptake inhibitors of use in the present 
invention include: venlafaxine, and phannaceutically acceptable salts thereof. 

Suitable CRF antagonists include those compounds described in International 
Patent Specification Nos. WO 94/13643, WO 94/13644, WO 94/13661. WO 94/13676 and WO 
94/13677. 

Suitable neurokinin-l rec^tor antagonists may be peptidal or non-peptidal in 
nature, however, the use of a non-peptidal neurokinin-l recq)tor antagonist is preferred. Jn a 
preferred embodiment, the neuiokinin-1 recqptor antagonist is a ONS-penetrant neurokinin-l 
receptor antagonist. In addition, for convenience the use of an orally active ne\irokinin-l 
receptor antagonist is preferred. To facilitate dosing, it is also preferred that the neurokinin-l 
receptor antagonist is a long acting neurokinin-l receptor antagonist An especially preferred 
class of neurokinin-l receptor antagonists of use in the preset invention are those compounds 

which are oraUy active and long acting. 

Neurokinin-l receptor antagonists of use in the present invention are fully 
described, for example, in U.S. Patent Nos. 5,162.339. 5.232,929, 5.242,930, 5,373.003, 
5,387,595, 5,459,270. 5,494,926, 5,496,833, 5,637,699; European Patent Publication Nos. EP 0 
360 390, 0 394 989, 0 428 434, 0 429 366, 0 430 771, 0 436 334, 0 443 132, 0 482 539, 0 498 
069, 0 499 313, 0 512 901. 0 512 902, 0 514 273, 0 514 274, 0 514 275, 0 514 276, 0 515 681, 0 
517 589. 0 520 555, 0 522 808. 0 528 495. 0 532 456. 0 533 280, 0 536 817, 0 545 478. 0 558 
156. 0 577 394, 0 585 913.0 590 152, 0 599 538, 0 610 793, 0 634 402. 0 686 629. 0 693 489. 0 
694 535, 0 699 655, 0 699 674, 0 707 006, 0 708 101. 0 709 375. 0 709 376, 0 714 891, 0 723 
959. 0 733 632 and 0 776 893; PCT International Patent Publication Nos. WO 90/05525. 
90/05729. 9^09844, 91/18899. 92/01688, 92/06079. 92/12151, 92/15585, 92/17449, 92/20661, 
92/20676, 92/21677, 92/22569. 93/00330. 93/00331. 93/01159, 93/01165, 93/01169, 93/01170, 
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93/06099, 93/09116, 93/10073, 93/14084, 93/14113, 93/18023, 93/19064, 93/21155, 93/21181, 
93/23380, 93/24465, 94/00440, 94/01402, 94/02461, 94/02595, 94/03429, 94/03445, 94/04494, 
94/04496, 94/05625, 94/07843, 94/08997, 94/10165, 94/10167, 94/10168, 94/10170. 94/11368, 
94/13639. 94/13663, 94/14767, 94/15903, 94/19320, 94/19323, 94/20500, 94/26735, 94/26740, 

5 94/29309, 95/02595, 95/04040. 95/04042, 95/06645. 95/07886, 95/07908. 95/08549. 95/1 1880, 
95/14017, 95/15311, 95/16679, 95/17382, 95/18124, 95/18129, 95/19344, 95/20575, 95/21819, 
95/22525, 95/23798, 95/26338, 95/28418, 95/30674, 95/30687, 95/33744, 96/05181, 96/05193. 
96/05203, 96/06094, 96/07649, 96/10562, 96/16939, 96/18643, 96/20197, 96/21661, 96/29304, 
96/29317. 96/29326, 96/29328, 96/31214, 96/32385, 96/37489, 97/01553, 97/01554, 97/03066, 

10 97/08144, 97/14671, 97/17362, 97/18206, 97/19084, 97/19942. 97/21702, 97/49710, 98/24438- 
98/24441, 98/24442-98/24445, 02/16343, and 02/16344; and in British Patent Publication Nos. 2 
266 529, 2 268 931, 2 269 170, 2 269 590, 2 271 774, 2 292 144, 2 293 168, 2 293 169, and 2 
302 689. 

Specific neuioIdnin-1 receptor antagonists of use in the present invention include: 
15 (±)-(2R3R,2S3S>N-{ [2-cyclopropoxy-5-(tri£Iuoromethoxy)-phenyl]methyl } -2- 

phenylpiperidin-3-amine;2-(SK3,5-bis(trifluoromethyl)benzyloxy>3(S)-(4-fluorophenyl)-4-(3- 

(5-oxo-lH,4H-l,2,4-triazolo)methyl)inarpholine; 2-(R)-(l-(RH3,5- 
bis(trifluoromethyl)phenyl)ethoxy)-4-(3-(5-oxo-lH,4H-l,2,4-tiiazolo)methyl>3-(S>p^ 
moipholine; 2-(S)-(3,5-bis(trifluoromethyl)benzyloxy)-4-(3-(5-oxo-lH,4H-lA4- 
20 triazoio)methyl)-3-(S)-phenyl-moipholine; 2-(R)-(l-(RH3,5- 

bis(trifluoromethyl)phenyl)ethoxy)-3-(S)-(4-fluorophenyl)-4-(3-(5-oxo-lH,4H-l,2,4- 
triazolo)methyl)morpholine;2-(RHl-(RH3,5-bis(trifluoiomethyl)phenyl^^ 

diniethylan)ino)methyl-l,2,3-tiiazol-4-yl)methyl-3-(S>phenylmoipholine;2-(^Hl-(^ 
bis(trifluorometiiyl)phenyl)ethoxy)-4-(5-(NJ>I-dimethylamino)methyl-l,2,3-tri^^ 

25 3-(SH4-fluorophenyl)morpholine;(3S,5R.6S)-3-[2-cyclopropoxy-5-(tiifluoromethoxy)phenyl]- 
6-phenyl-l-oxa-7-aza-spiro[4.5]decane;(3R,5R,6S)-3-[2-cyclopropoxy-5- 
(trifluoromethoxy^henyl]-6-phenyl-l-oxa-7-aza-spiro[4.5]decane;2-(RKl-(S>-(3.5- 
bis(trifluoromethyl)phenyl>2-hydioxyethoxy)-3-(SH4-fluorophenyl)-4-(l,2,4-tiiazol-3- 
yl)methyhnoipholine;2-(R)-(l-(R)-(3,5-bis(trifluoromethyl)phenyl)ethoxy)-3-(S>(4- 

30 fluorophenyl)-4-(3-(4-monophosphoryl-5-oxo-lH-l,2,4-triazolo)methyl)moipholine; 2-(R)-(l- 
(R>(3,5-bis(trifluoromethyl)phaiyl)ethoxy>3-(S)-(4-fluorophenyl)-4-(3-(l-monophosphoryl-5- 
oxo-lH-l,2,4-tiiazolo)methyl)moipholine; 2-(R)-(l-(R)-(3,5- 

bis(trifluoromethyl)phenyl)ethoxy>3-(SH4-fluorophenyl)-4-(3-(2-monophosphQryl-5-oxo-lH- 
lA4-triazolo)methyl)moipholine;2-(RHl-<RH3.5-bis(trifluoromethyl)phenyl)ethoxy>3-(S^ 
35 (4-fluoiophenyl)-4-(3-(5-oxyphoq>horyl-lH-l,2,4-tria2olo)methyl)morpholine;2-(S)-(l-^^^ 
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(3,5-bis(trifluoiomethyl)phenyl)ethoxy)-3-(SH4-fluorop 
4H-l,2,4-1iiazolo)methyl)moipholme; 2-(RHl-^^ 

(4-N,N-<iiinethylaminobut-2-yn-^^^ or a phaimaceutically 

acceptable salt thereof. 

5 Suitable atypical anti-depiessants include: bupropion, lithium, nefazodone, 

trazodone and viloxazine, and phaimaceutically acceptable salts thereof. 

Suitable classes of anti-anxiety agents include benzodiazepines and 5-HTiA 
agonists or antagonists, especially 5-HTiA partial agonists, and corticotropin releasing factor 

(CRF) antagonists. 

10 Suitable benzodiazepines include: alprazolam, chlordiazepoxide, clonazepam, 

chlorazepate, diazepam, halazepam, lorazepam, oxazepam and prazepam, and pharmaceutically 

acceptable salts thereof. 

Suitable S-HTi A receptor agonists or antagonists include, in particular, the 5- 

HTi A receptor partial agonists buspirone, flesinoxan, gepirone and ipsapirone, and 

15 pharmaceutically acceptable salts tha:eof. 

Suitable corticotropin releasing factor (CRF) antagonists include those previously 

discussed herein. 

As used herein, the term "substance abuse disorders" includes substance 
dependence or abuse with or without physiological dependence. The substances associated with 
20 these disorders are: alcohol, amphetamines (or amphetamine-like substances), caffeine, cannabis, 
cocaine, hallucinogens, inhalants, marijuana, nicotine, opioids, phencyclidine (or phencyclidine- 
like compounds), sedative-hypnotics or benzodiazepines, and other (or unknown) substances and 

combinations of all of the above. 

In particular, the term "substance abuse disorders" includes dmg withdrawal 
25 disorders such as alcohol vdthdrawal with or without perceptual disturbances; alcohol 

withdrawal delirium; amphetamine withdrawal; cocaine withdrawal; nicotine withdrawal; opioid 
withdrawal; sedative, hypnotic or anxiolytic withdrawal with or without perceptual disturbances; 
sedative, hypnotic or anxiolytic withdrawal delirium; and withdrawal symptoms due to other 
substances. It will be appreciated that reference to treatment of nicotine withdrawal includes the 
30 treatment of symptoms associated with smoking cessation. 

Other "substance abuse disorders" include substance-induced anxiety disorder 
with onset during withdrawal; substance-induced mood disorder witii onset during withdrawal; 
and substance-induced sleep disorder with onset during withdrawal. 

It will be appreciated that a combination of a conventional antipsychotic drug 
35 with a CBl receptor modulator may provide an enhanced effect in the treatment of mania. Such 
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a combination would be expected to provide for a rapid onset of action to treat a manic episode 
thereby enabling prescription on an "as needed basis'*. Furthermore, such a combination may 
enable a lower dose of the antispychotic agent to be used without compromising the efficacy of 
the antipsychotic agent, thereby minimizing the risk of adverse side-effects. A yet further 
advantage of such a combination is that, due to the action of the CBl receptor modulator, 
adverse side-effects caused by the antipsychotic agent such as acute dystonias, dyskinesias, 
akathesia and tremor may be reduced or prevented 

Thus, according to a further aspect of the present invention thane is provided the 
use of a CBl receptor modulator and an antipsychotic agent for the manufacture of a 
medicament for the treatment or prevention of mania. 

The present invention also provides a method for the treatment or prevention of 
mania, which method comprises administration to a patient in need of such treatment or at risk of 
developing mania of an amount of a CBl receptor modulator and an amount of an antipsychotic 
agent, such that together they give effective relief. 

In a further aspect of the present invention, there is provided a pharmaceutical 
composition comprising a CBl receptor modulator and an antipsychotic agent, together with at 
least one phannaceutically acceptable carrier or exdpient 

It will be appreciated that the CBl receptor modulator and the antipsychotic agent 
may be present as a combined preparation for simultaneous, separate or sequential use for the 
treatment or prevention of mania. Such combined preparations may be, for example, in the form 
of a twin pack. 

In a further or altemative aspect of the present invention, there is therefore 
provided a product comprising a CBl receptor modulator and an antipsychotic agent as a 
combined preparation for simultaneous, separate or sequential use in the treatment or prevention 
of mania. 

It will be appreciated that when using a combination of the present invention, the 
CBl receptor modulator and the antipsychotic agent may be in the same phannaceutically 
acceptable carrier and therefore administered simultaneously. They may be in separate 
pharmaceutical carriers such as conventional oral dosage forms which are taken simultaneously. 
The term "combination" also refers to the case where the compounds are provided in separate 
dosage forms and are administered sequentially. Therefore, by way of example, the 
antipsychotic agent may be administered as a tablet and then, within a reasonable period of time, 
the CBl receptor modulator may be administered either as an oral dosage form such as a tablet 
or a fast-dissolving oral dosage form. By a **f ast-dissolving oral formulation" is meant, an oral 
delivery form which when placed on the tongue of a patient, dissolves within about 10 seconds. 
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Included within the scope of the present invention is the use of CB 1 receptor 
modulators in combination with an antipsychotic agent in the treatment or prevention of 
hypomania. 

It will be appreciated that a combination of a conventional antipsychotic drug 

S with a CB 1 leceptor modulator may provide an enhanced effect in the treatment of schizophrenic 
disorders. Such a combination would be expected to provide for a rapid onset of action to treat 
schizophrenic symptoms thereby enabling prescription on an '"as needed basis". Furthermore, 
such a combination may enable a lower dose of the CNS agent to be used without compromising 
the efficacy of the antipsychotic agent, thereby minimizing the risk of adverse side-effects. A 

10 yet further advantage of such a combination is that, due to the action of the CBl receptor 
modulator, adverse side-effects caused by the antipsychotic agent such as acute dystonias, 
dyskinesias, akathesia and tremor may be reduced or prevented. 

As used h^in, the term ''schizophrenic disord^" includes paranoid, 
disorganized, catatonic, undiff^ntiated and residual schizophrenia; schizophreniform disorder; 

15 schizoaffective disorder; delusional disorder, brief psychotic disorder; shared psychotic disorder; 
substance-induced psychotic disorder; and psychotic disorder not otherwise specified. 

Other conditions commonly associated with schizophrenic disorders include self- 
injurious behavior (e.g. Lesch-Nyhan syndrome) and suicidal gestures. 

Suitable antipsychotic agents of use in combination with a CBl receptor 

20 modulator include the phenothiazine, thioxanthene, heterocyclic dibenzazepine, butyrophenone, 
diphenylbutylpiperidine and indolone classes of antipsychotic agent. Suitable examples of 
phenothiazines include chlorpromazine, mesoridazine, thioridazine, acetophenazine, 
fluphenazine, perphenazine and trifluoperazine. Suitable examples of thioxanthenes include 
chlorprothixene and thiothixene. Suitable examples of dibenzazepines include clozapine and 

25 olanzapine. An example of a butyrophenone is haloperidol. An example of a 

diphenylbutylpiperidine is pimozide. An example of an indolone is molindolone. Other 
antipsychotic agents include loxapine, sulpiride and risperidone. It will be appreciated that the 
antipsychotic agents when used in combination with a CBl receptor modulator may be in the 
form of a pharmaceutically acceptable salt, for example, chlorpromazine hydrochloride, 

30 mesoridazine besylate, thioridazine hydrochloride, acetophenazine maleate, fluphenazine 

hydrochloride, flurphenazine enathate, fluphenazine decanoate, trifluoperazine hydrochloride, 
thiothixene hydrochloride, haloperidol decanoate, loxapine succinate and molindone 
hydrochloride* Perphenazine, chlorprothixene, clozapine, olanzapine, haloperidol, pimozide and 
risperidone are commonly used in a non-salt form. 
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Other classes of antipsychotic agent of use in CQmbination mfh a CBl leceptor 
modulator include dopamine receptor antagonists, especially D2, D3 and D4 dopamine receptor 
antagonists, and muscarinic ml receptor agonists. An example of a D3 dopamine receptor 
antagonist is the compound PNU-99194A. An example of a D4 dopamine receptor antagonist is 
5 PNU-101387. An example of a muscarinic ml iecq>tor agonist is xanomeline. 

Another class of antipsychotic agent of use in combination with a CBl receptor 
modulator is the S-HTaA receptor antagonists, examples of which include MDL100907 and 
fananserin. Also of use in combination with a CBl receptor modulator are the serotonin 
dopamine antagonists (SDAs) which are believed to combine 5-HT2A and dopamine receptor 
10 antagonist activity, examples of which include olanzapine and ziperasldone. 

Still further, NK-1 recqitor antagonists may be favorably employed witihi the CBl 
receptor modulators of the present invention. Preferred NK-1 recq>tor antagonists for use in the 
present invention are selected from the classes of compounds described in European Patent 
Specification No. 0 577 394, and Intemational Patent Specification Nos. 95/08549, 95/18124, 
15 95/23798, 96/05181, and 98/49710 (Application No. PCT/GB97/01630). The preparation of 
such compounds is fully described in the aforementioned publications. 

Particularly preferred NK-1 receptor antagonists of use in &e present invention 
include: (3S,5R,6S)-3-[2-cyclopiopoxy-5-(trifluoromethoxy)phenyl]-6-phenyl-l-oxa-7-aza- 
spiro[4.5]decane;(3R,5R,6S)-3-[2-cyclopropoxy-5-(trifluoromethoxy)phenyl]-6-phenyl-l-oxa- 

20 7-aza-spiro[4.5]decane; 

(±)-(2R3i?,253S>N-{[2-cyclopropoxy-5-(trifluoromethoxy)phenyl]methyl}-2-phenylpiperidin-3- 

amine;2-(S)-(3,5-bis(trifluoromethyl)benzyloxy)-3(SH4-fluorophenyl)-4-(3-(5-oxo-lH,4H- 
l,2,4-triazolo)methyl)morphoUne;2-(RHl-(R>(3>bi8(trifluoiomethyl)phenyl)ethoxy)-4K 
oxo-lH,4H-l,2,4-triazolo)methyl)-3-(S)-phenyl-m«Mpholine;2-(S>(3,5- 
25 bis(trifluoromethyl)benzyloxy>4-(3-(5-oxo-lH,4H-l ,2,4-tria2olo)methyl)-3-(S)-phenyl- 

morpholine;2-(R>(l-(R)-(3,5-bis(trifluoromelhyl)phenyl)ethoxy>3-(S>(4-fluorophenyl)-^^ 

(5-oxo-lH,4H-l,2,4-triazolo)methyl)morpholine;2-(RHl-(R>(3.5- 

bis(trifluoromethyl)phenyl)ethoxy)-4-(5-(NJ^-dimethylamino)methyl-lA3-triazol-4-yl^^ 

3-(S>phenylmorpholine;2-(R)-(l-(RH3,5-bis(trifluoromethyl)phenyl)ethoxy)-4-(5-(J^J^- 

30 dimethylamino)methyl-l,2,3-triazol-4-yl)methyl-3-(SH4-fluorophenyl)morpholine;2-(RHl- 
(RH3,5-bis(trifluoromethyl)phenyl)ethoxy)-3-(S)-(4-fluQrophenyl)-4-(3-(4-manophosphoryl-5- 

oxo-lH-1 A4-triazolo)methyl)moipholine; 2-(R>(l-(R)-(3,5- 

bis(trifluoromethyl)phenyl)ethoxy>3-(SH4-fluorophenyl)-4-(3-(l-monophosphoryl-5-oxo-lH- 
l,2,4-triazolo)methyl)moTpholine;2-(RHl-(RH33-bis(trifluoromethyl)phenyl)ethoxy>3-(S)- 
35 (4-fluorophenyl)-4-(3-(2-monophosphoryl-5-ox<>-lH-l,2,4-triazolo)methyl)moiiAoline; 2-(R> 
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(l-(R)-(3,5-bis(trifluoromethyl)phenyl)ethoxy>3<SH^^ 

lH-l,2,4-triazolo)methyl)moipholine; 2<SH1-(RH^ 

(SH4-fluoiophenyl)-4-(3-(l-monophosphoryl-5-oxo-4H-l,2,4-tri 

(RHl-(JlH3,5-bis(trifluoiomethyl)phenyl)e&^^ 

(4-fluoiophenyl)morpholine; 2-(RHlKS)-(3,5-bis(tri^ 

(SH4-fluorophenyl)-4-(l,2,4-Mazol-3-yl)methylmo^ 

or a phannaceutically acceptable salt thereof. 

It will be appreciated that a combination of a conventional anti-asthmatic drug 

with a CBl receptor modulator may provide an enhanced effect in the treatment of asthma. 

Thus, according to a further aspect of the present invention there is provided the 

use of a CBl receptor modulator and an anti-asthmatic agent for the manufacture of a 

medicament for the treatment or prevention of asthma. 

The present invention also provides a method for the treatment or prevention of 

asthma, which method comprises administration to a patient in need of such treatment an amount 

of a compound of the present invention and an amount of an anti-asthmatic agent, such that 

together they give effective relief. 

Suitable anti-asthmatic agents of use in combination with a compound of the 
present invention include, but are not limited to: (a) VLA-4 antagonists such as natalizumab and 
the compounds described in US 5,510^32, WO97/03094, WO97/02289, WO96/40781, 
W096/22966, WO96/20216, WO96/01644, WO96/06108. W095/15973 and W096/3 1206; (b) 
steroids and corticosteroids such as beclomethasone, methylprednisolone, betamethasone, 
prednisone, dexamethasone, and hydrocortisone; (c) antihistamines CHI -histamine antagonists) 
such as bromopheniramine, chlorpheniramine, dexchlorpheniramine, triprolidine, clemastine, 
diphenhydramine, diphenylpyraline, tripelennamine, hydroxyzine, methdilazine, promethazine, 
trimeprazine, azatadine, cyproheptadine, antazoline, pheiiiramine pyrilamine, astemizole, 
terfenadine, loratadine, desloratadine, cetirizine, fexofenadine, descarboethoxyloratadine, and the 
like; (d) non-steroidal anti-asthmatics including P2-agonists (such as terbutaline, metaproterenol, 
fenoterol, isoetharine, albuterol, bitolterol, salmeterol, epinephrine, and pirbuterol), theophylline, 
cromolyn sodium, atropine, ipratropium bromide, leukotriene antagonists (such as zafirlukast, 
montelukast, pranlukast, iralukast, pobilukast, and SKB-106,203), and leukotriene biosynthesis 
inhibitors (such as zileuton and BAY-1005); (e) anti-cholinorgic agents including muscarinic 
antagonists (such as ipratropium bromide and atropine); (f) antagonists of the chemokine 
receptors, especially CCR-1, CCR-2, and CCR-3; (g) immunosuppressants such as cyclosporin, 
tacrolimus, rapamydn and other FK-506 type immunosuppressants; 0i) non-steroidal 
antiinflammatory agents (NSAIDs) such as propionic acid derivatives (alminoprofen, 
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benoxaprofen, bucloxic acid, carprofen, fenbufen, fenoprofen, fluprofen, flurbiprofen, ibuprofen, 
indoprofen, ketoprofen, miroprofen, naproxen, oxaprozin, pirprofen, pranoprofen, suprofen, 
tiaprofenic acid, and tioxaprofen), acetic add derivatives (indomethacin, acemetacin, alclofenac, 
clidanac, diclofenac, fenclofenac, fenclozic acid, fentiazac, furofenac, ibufenac, isoxepac, 

5 oxpinac, sulindac, tiopinac, tolmetin, zidometacin, and zomepirac), fenamic acid derivatives 
(flufenamic acid, meclofenamic acid, mefenamic acid, niflmnic acid and tolfenamic acid), 
biphenylcarboxylic acid derivatives (diflunisal and flufenisal), oxicams (isoxicam, piroxicam, 
sudoxicam and tenoxican), salicylates (acetyl salicylic acid, sulfasalazine) and the pyrazolones 
(apazone, bezpiperylon, feprazone, mofebutazone, oxyphenbutazone, phenylbutazone); (i) 

10 cyclooxygenase-2 (COX-2) inhibitors such as celecoxib; Q) anti-diabetic agents such as insulin, 
sulfonylureas, biguanides (metformin), a-glucosidase inhibitors (acarbose) and glitazones 
(troglitazone, pioglitazone, englitazone, MCC-555, BRL49653 and the like); (k) preparations of 
interferon beta (interferon beta-la, interferon beta-lb); Q) other compounds such as 5- 
aminosalicylic acid and prodrugs thereof, and pharmaceutically acceptable salts thereof. 

15 It will be appreciated that a combination of a conventional anti-constipation drug 

with a CBl receptor modulator may provide an enhanced effect in the treatment of constipation. 

Thus, according to a further aspect of the present invention there is provided the 
use of a CBl receptor modulator and an anti-constipation agent for the manufacture of a 
medicament for the treatment or prevention of constipation. 

20 The present invention also provides a method for the treatment or prevention of 

constipation, which method comprises administration to a patient in need of such treatment an 
amount of a compound of the present invention and an amount of an anti-constipation agent, 
such that together they give effective relief. 

It will be appreciated that a combination of a conventional anti-constipation drug 

25 with a CB 1 receptor modulator may provide an enhanced effect in the treatment of chronic 
intestinal pseudo-obstruction. 

Thus, according to a further aspect of the present invention there is provided the 
use of a CBl receptor modulator and an anti-constipation agent for the manufacture of a 
medicament for the treatment or prevention of chronic intestinal pseudo-obstruction. 

30 The present invention also provides a method for the treatment or prevention of 

chronic intestinal pseudo-obstruction, which method comprises administration to a patient in 
need of such treatment an amount of a compound of the present invention and an amount of an 
anti-constipation agent, such that together fliey give effective relief. 

Suitable anti-constipation agents of use in combination widi a compound of the 

35 present invention include, but are not limited to, osmotic agents, laxatives and detergent 

■ 
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laxatives (or wetting agents), bulking a^nts, and stimulants; and phannaceutically acceptable 
salts thereof. 

A pardcularly suitable class of osmotic agents include, but are not limited to 
sorbitol, lactulose, polyethylene glycol, magnesium, phosphate,and sulfate; and pharmaceutically 

5 acceptable salts thereof. 

A particularly suitable class of laxatives and detergent laxatives, include, but are 
not limited to, magnesium, and docusate sodium; and pharmaceutically acceptable salts thereof. 

A particularly suitable class of bulking agents include, but are not limited to, 
psyUium, methylcellulose, and calcium polycarbophil; and pharmaceutically acceptable salts 
10 thereof. 

A particularly suitable class of stimulants include, but are not limited to, 
anthroquinones, and phenolphthalein; and pharmaceutically acceptable salts thereof. 

It will be appreciated that a combination of a conventional anti-cinhosis drug 
with a CBl receptor modulator may provide an enhanced effect in the treatment of cirrhosis of 
15 the liver. 

Thus, according to a further aspect of the present invention there is provided the 
use of a CBl receptor modulator and an anti-cirrhosis agent for the manufacture of a medicament 
for the treatment or prevention of drrfaosis of the liver. 

The present invention also provides a method for the treatment or prevention of 
20 cirrhosis of the liver, which method comprises administration to a patient in need of such 
treatment an amount of a compound of the present invention and an anti-cirrhosis agent, such 
that together they give effective relief. 

Suitable anti-cirrhosis agents of use in combination with a compound of the 
present invention include, but are not limited to, corticosteroids, penicillamine, colchicine, 
25 interferon-Y, 2-oxoglutarate analogs, prostaglandin analogs, and other anti-inflammatory drugs 
and antimetabolites such as azathioprine, methotrexate Jeflunamide, indomethacin, naproxen, 
and 6-mercaptopurine; and pharmaceutically acceptable salts thereof. 

Hie method of treatment of this invention comprises a method of modulating the 
CB 1 receptor and treating CB 1 receptor mediated diseases by administering to a patient in need 
30 of such treatment a non-toxic therapeutically effective amount of a compound of this invention 
that selectively antagonizes the CBl receptor in preference to the other CB or G-protein coupled 
receptors. 

The term "therapeutically effective amount" means the amount the compound of 
structural formula I that will elicit the biological or medical response of a tissue, system, animal 
35 or human that is being sought by the researcher, veterinarian, medical doctor or other clinician, 
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which includes alleviation of the symptonis of the disorder being treated. The novel mehtods of 
treatment of this invention are for disorders known to those skilled in the art. The term 

'"mammal" includes humans. 

The weight ratio of the compound of the Fomxula I to the second active ingredient 
may be varied and will depend upon the effective dose of each ingredient. Generally, an 
effective dose of each will be used. Thus, for example, when a compound of the Formula I is 
combined with a p-3 agonist the weight ratio of the compound of the Formula I to the P-3 
agonist will generally range from about 1000:1 to about 1:1000, preferably about 200:1 to about 
1:200. Combinations of a compound of the Formula I and other active ingredients will generally 
also be within the aforementioned range, but in each case, an effective dose of each active 
ingredient should be used. 

Abbreviations used in the following Schemes and Examples: 



aa.: 


aqueous 


API-ES: 


atmospheric piessuie ionization-electrospiay (mass spectrum 
tenn^ 


DCM: 


dichloromethane 


DMAP- 


4"dimethvlaminopycidine 


DMr. 


cumeuiyiionnamiuc 


DMSO: 

g: 
h: 


dimethylsulfoxide 

gram 

hours 


HPLC: 


high pressure liquid chromatography 


HPLC/MS: 


high pressure liquid chiomatography/mass spectrum 


HRf 


higher Rf material (compound moved faster on TLC) 


in vacuo: 


rotoevaporation 


LC: 


Liquid chromatography 


LC/MS, LC-MS: 


liquid chromatography-mass spectrum 


LRf 


lower Rf material (compound moved slower on TLC) 


M: 


molar 


mCPBA: 


meta-chloropeibenzoic acid 


Me: 


methyl 


MeOH: 


methanol 


MHz: 


megahertz 


min: 


minute 


mL: 


milliliter 



-55- 



wo 2004/029204 



PCTAJS2003/030161 



lol: millimole 





middle-Rf material (compound moved intermediate relative to two others 




on TLC) 


MSorms: 


mass spectrum 


N: 


normal 


NMR: 


nuclear magnetic resonance 


Rf 


in TLC, the displacement of the compound divided by the displacement of 




the solvent front 


Rt: 


retention time 


rtorRT: 


room temperature 


TFA: 


trifluoroacetic acid 


THF: 


tetrahydrofuran 


TLC: 


thin layer chromatography 



15 Compounds of the present invention may be prepared by procedures illustrated in 

the accompanying schemes. 

Scheme 1 illustrates a synthetic method for the preparation of compounds of 
general Formula I when it is desired that the 2-position substituent on the pyrimidine ring bear a 

20 substituted heteroatom substituent. An aryl benzyl ketone of general formula C is the starting 
point for the synthesis. Arylbenzyl ketones of general formula Q may be available commercially 
or they can be synthesized using one of several methods known in organic synthesis. For 
example, reaction a nitnle of general formula B with a benzyl grignard reagent derived from a 
benzyl halide of general formula A followed by acidic hydrolysis of the intermediate imine, 

25 afifords an arylbenzyl ketone of general formula C. The arylbenzyl ketone of general formula C 
is then converted to a vinylogous amide of general formula E by reaction with an amide acetal of 
general formula D. The condensation reaction can be conducted using the amide acetal as the 
reaction solvent or a suitable polar aprotic solvent such as DMF may be used. The reaction is 

« 

conducted at elevated temperature, typicaUy between room temperature and 150^C for periods of 
30 1-8 hours. Condensation of the resulting vinylogous amide £ with a substituted pseudothiourea 
of the general formula F then affords a 2-thiomethylpyrimidyl derivative of general formula Q. 
The reaction is usually conducted in a polar aprotic solvent such as DMF in the presence of an 
organic base such as triethylamine with heating (80-100^. The resulting 2-methylthio~ 
pyrimidine 6 is derivatized depending on the heteroatom substitution. The 2-methylthio-* 
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pyrimidyl detivative 6 is txeated in a polar apiotic solvent such as DMF at room temperature 
with the sodium alkoxide of an benzylic alcohol g to give the 2-oxyalkaryl pyrimidine 1. 
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In Scheme 2, nucleophilic displacement of the methylthio group in pyrimidine G 
(from Scheme 1) with sodium or potassium cyanide gives the 2-cyano derivative J while 
displacement with an amine such as substituted amine ^ or benzylamine L gives the 2-amino 

m 

derivatives of M and 'ii^ respectively. 

5 

SCHEME 2 




Scheme 3 illustrates a synthetic methcxl fc»: the preparation of c<nnpoimds of 
10 general formula Q when it is desired that the 2 and 4-position substitoents on the pyrimidine ring 
bear an easily and selectively substituted leaving group. An aryl benzyl ketone of general 
formula Q is the starting point for the synthesis. Arylbenzyl ketones of general formula O may 
be available commercially or they can be synthesized using one of several methods known in 
organic syndesis. The arylbenzyl ketone of general formula O is then converted to 2,4-bis 
IS metfiylthio S,6-biarylpyrimidine of the general formula P by reaction with of methyl isocyanaate 
(2 equivalents), tnflic anhydride (1.1 equivalents) and the arylbenzyl ketone Q (1 equivalent) in 
a solvent like DCM or 1,2-dichlQroethane at 25° to 70° from 18 h to 96 h. Specifically, we effect 
the synthesis of 4-[2, 4-dichlQrophenyl]-5-[4-chlorophenyl]-2,4-bis(methylthio)pyriinidine by 
the reaction of 2-[4-chlQrophenyl]-aceto-[2, 4-dichlQro]phenone with triflic anhydride and 
20 methyl thiocyanate by the method of A. Garcia Martinez et al {SynJett, 1994, (7) 559. The bis 
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sulfide P was oxidized to 6-[2, 4-dicWorophenyl]-544-chlorophenyl]-2,4-bis(me%lsutf^ 
pyriimdine Q with m-chloioperbenzoic add according to the method of A. Garcia Martinez et al. 
(Tetrahedron, 1J«)6, 52 (23) 7973). 

5 SCHEMES 




The derivative Q in Scheme 3 is selectively substituted by nucleophilic reagents 
in a stepwise fashion (Scheme 4) wherein, in general, the sodium or lithium phenoxide displaces 

10 the 4-methylsulf one preferentially over the 2-methylsulfone to afford R. Lithium alkoxy or 

benyloxy reagents generally displace both the 2- and the 4- sulfone substituents to yield isomers 
SandT. Excess alkoxide will, in general, substitute both positions. Primary free amines will, in 
general, displace the 4-methylsulfone preferentially over the 2-naethyl sulfone. Secondary free 
amines will, in general, displace the 2-methylsulf one preferentially over the 4-methyl sulfone to 

15 afford U. The lithium amide of secondary amines will, in general, displace the 4-methyl sulfone 
preferentially over the 2-methyl sulfone to give V. The treatment of Q with Grignard reagents 
will generally afford both isomers W and X. 



-60- 



wo 2004/029204 PCTAJS2003/030161 



SCHEME 4 




Scheme 5 illustrates a synthetic method for the preparation of conqpounds of the 
general formula ^ for where it is desired that the 2 » 4 and 5-positiion substituents on the 
pyrimidine ring bear an easily and selectively substituted leaving group. An aryl methyl ketone 
of general formula AA is the starting point for the synthesis. Aryl methyl ketones of general 
formula AA are available conomercially or they can be synthesized using one of several methods 
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known in organic synthesis, Hie aryl methyl ketone of general formula AA is then first 
converted to the 2-bromo aryl methyl ketone BB with 2 equivalents of bromine in acetic acid, 
and, after removale of the acetic add and neutralization of hydrogen bromide, reacted with 
potassium acetated in refluxing acetone to give CC. After colmnn chromatography, the aryl -2- 

5 acetoxy ketone is converted to 2, 4-bis methylthio 5-acetoxy 6-arylpyrimidine of the general 
formula DD by reaction with methyl isocyanaate (2 equivalents), tiiflic anhydnde (1.1 
equivalents) and the aryl ketone CC ( 1 equivalent) in a solvent like dichloromethane or 1,2- 
dichloroethane at 25^ to 70^ from 18 h to 96 h. Specifically, we effect the synthesis of 6-[2, 4- 
dichlorophenyl]-5-[acetoxyl]-2,4-bis(methylthio)pyrimidine by the reaction of 2-[4- 

10 chlorophenyl]-aceto-[2, 4-dichloro]phenone with triflic anhydride and methyl tiiiocyanate by the 
metiiod of A. Garcia Martinez et al (Synlett, 1994, (7) 559. The bis-sulfide DD is oxidized to 6- 
[2, 4-dicWorophenyl]-5-[acetoxy]-2,4-bis(methylsulfonyl)-pyiimidine EE witii m- 
chloroperbenzoic acid according to the method of A. Garcia Martinez et al {Tetrdiedron, 1996, 
52 (23) 7973). 

15 

SCHEME 5 
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The derivative ^ is selectively substituted by nucleophilic reagents in a 
stepwise fashion (Scheme 6) wherein, in general, a lithium alkoxide or phenoxide displaces the 

4- methylsulf one preferentially over the 2-methylsulfone to afford FT. Hydrolysis of the acetate 
is effected by treating with excess sodium hydroxide in either water/ethanol or water /IHF 
mixture to give a filterable precipitate GG. This is in turn treated with trifluoromethanesulfonic 
anhydride with pyridine in dichloromethane to give the triflate HH. Treating HH with a lithium 
phenoxide displaces the 2-sulphone in THF solvent in 2-4 hr at 0° to give n. This derivative in 
turn can be displaced with and aryl or heteroarylboronic acid via the Suzuki reaction to give the 

5- aryl(heteroary) derivatives. 
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SCHEME 6 




N^SOgCHa 
N 



SO2CH3 



LiOR 



THF,-78" 




NaOH 
THF/H2O 





1) Pd(PPh3)4 

3eqKF 

2) aiylQrheteioaryl 

boronic acids 



1) Pd(PPh3)4 

P(cydQhexyl)3 

2) RsSnQ 

3) Ar3BT 




Hetaryt (Arg) 




Both the 2-substituted-4-methylsufonyl and the 2-inethylsulfonyl-4-substituted-6- 
[2, 4-dicWorophenyl]-5-[4-chlorophenyl]pyrimidine structures were unambiguously established 
by difference NOE studies of 4-substituted derivatives containing geminal protons proximal to 
the pyrimidine ring. We observed a strong NOE effect between the geminal hydrogen atoms of 
4-methoxy, 4-benzyloxy and 4-ethyl 2-methylsulfonyl derivatives with the ortho proton of the 5- 
[4-chlorophenyl] group. No NOE effect was seen with the cognate 2-substituted-4- 

-64- 



wo 2004/029204 



PCT/US2003/030161 



methylsufonyl biaryl pydmidine derivatives. Additionally, a distinct, consistent and 
unambiguous splitting pattern emerges in the IH-NMR aromatic region for 2-substituted-4- 
methylsufonyl derivatives and for the 2-methylsulfonyl-4-substituted-6-[2, 4-dichlorophenyl]-5- 
[4-chloiophenyl]pyrimidine derivatives, respectively. This pattern, along with the difference 
5 NOE studies, was used to assign the absolute regiochemistry for each synthetic derivative. 

General procedures. 

The LC7MS analyses were preformed using a MICROMASS ZMD mass 

spectrometer coupled to an AGILENT 1 100 series HPLC utilizing a YMC ODS-A 4.6 x 50 mm 

10 column eluting at 2.5 mL/min with a solvent gradient of 10 to 95% B over 4.5 min, followed by 

0.5 min at 95% B: solvent A = 0.06% TFA in water, solvent B = 0.05% TFA in acetonitrile. 
iH-NMRspectra were obtained on a 500 mHZ varian spectrometer in CDCI3 or CD3OD as 

indicated and chemical shifts are reported as 5 using the solvent peak as reference and coupling 
constants are reported in hertz OHZ). 




4-Chlorobenzvl 2.4-dichlorophenvl ketone 

A solution of 4-chlorobenzyl bromide (Lancaster Chemical) (10.0 g, 48.6 mmol) in 40 mL ether 
20 was added under nitrogen to a suspension of magnesium turnings (Alpha Chemical Inc.) in ether 
(60 mL) over lO minutes. The suspension was stirred for 2 h and the supematant was cannulated 
under nitrogen into another round bottom flask fitted with a magnetic stirrer bar. Then 2,4- 
dichlorobenzonitrile (7.0 g, 40.5 mmol) in 65 mL ether was slowly added under nitrogen to the 
Grignard solution and the mixture was stirred over night at room temperature. The imine 
25 precipitated out of solution and the mixture was refluxed for 3h. The reaction mixture was 
cooled and poured into a flask containing 50 mL ethyl acetate and 50 mL 2N HCl. Stirred 
vigorously to hydrolyze the imine, separated the organic layer and dried it over anhydrous 
magnesium sulfate. The desiccant was filtered off and the solvent volume reduced under 
reduced pressure. The crude product was flash chromatographed on silica gel (92/8 
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hexanes/ethyl acetate) to give product NMR 500 MHz QCDCLs): 5 4.40 ( s, 2H), 7.2-7.6 (m. 



7H). 



REFERENCE EXAMPLE 2 



10 




CI 



^-nimftthy1flmi no-l-f4-dichlorophenvlV2-(2.4-dichlorophenvl')proD-2-€n 
To a solution of 4-chlorobenzyl 2,4-dichlQrophenyl ketone (600 mg, 2 mmol) from Stsp A in 
DMF (8 mL) was added dimethylformamide dimethylacetal (l.OSmL, 8 mmol) over several 
minutes. The reaction was heated to 80''C for 18h. The DMF and excess acetal was removed 
under reduced oiessure and the nroduct used witiiout further purification. 



REFERENCE EXAMPLE 3 




2-Methvlthio-4-(2.4-dichlorophenvlV5-(4-chlorophenY l)pYrinii<tine 
IS The crude product from Reference Example 2 was added to S mL pyridine and 1 mL water, 
along with 1.1 mmole (310 mg, 2.2 equivalents) pseudothiourea sulfate and triethylamine (460 
fiU 2.8 mmol). The reaction mixture was heated to 80**C f<M: 4h. Hie solvents were removed in 
vacuo and the reaction mixture dissolved in water. Extraction witii ether gave crude product 
Flash column chromatography on silica gel (eluted with 98/2 hexanes/ethyl acetate) yielded the 
20 desired product HPLC/MS: m/e= 382 (M*), 384 (M+2); Rt = 3.48 min; ^H-NMR 500 MHz 
(CDCI3): 6 2.63 (s, 3H), 7.04 (d, J = 8 Hz, IH), 7.27 (d over multiplet, J = 8 Hz, 4H), 8.59 (s, 

IH). 
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REFERENCE EXAMPLE 4 




2.6 -BisfmethvltfaioV -4-12. 4-dichloroDhaivn- 5-r4-chlQrophenvn pYriTniHine 

To a well-stiired solution of triflic anhydride (5.0 g, 17.7 mmol) and methylthiocyanate (2.44 

5 mL, 36 mmol) in anhydrous dichloromethane (40 mL) was slowly added a solution of 4- 

chlorobenzyl 2,4-dichlorophenyl ketone firom Reference Example 1 (5.3 g, 17.7 nunol) in 20 mL 

DCM. The flask was flushed with nitro^, stoppeied and stined for 4 days at room 

temperature. The reaction mixture was then washed with saturated sodium bicarbonate (3 x 100 
mL), the organic layer separated and dried over MgS04. The solution was filtered, the solvent 

10 removed under reduced pressure and the product flash chromatographed (90/10 hexanes/ethyl 

acetate) to give 4-[2, 4-dichlorophenyl]-S-[4-€hlorophenyl]-2,6-bis(methylthio) pyrimidine. 
MPLams: m/e= 429 (m+1); Rt = 5.12 min; iH-NMR 500 mHZ (CDCI3): 6 2.57 (s, 3H), 2.66 

(s. 3H), 7.16-7.11 (m, 4H), 7.16-7.32 (m, 3H). 
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REFERENCE EXAMPLE 5 




2.6-Bis(metfavlsulfonvlV 4 -\2. 4-dichlorophenvn-5-r4-chlorophen Yl1-pY"Tni^^"e 

In a 250 mL round bottom flask fitted with a magnetic stiirer bar was added 2,4-bis(metibiylthio)- 

5 5-[4-cWorophenyl]-6-[2, 4-dichloiophenyl]pyiimidine (Reference Example 4, 5.5 g, 12.8 mmol) 
and 100 mL DCM. The reaction flask was cooled in an ice bath and mCFBA (70%, 13.3g, 58 
mmol) was added portion wise over 10 minutes. The ice bath was removed and the reaction 
stirred ovemiglit. The next day, &e precipitated acid was filtered off and the precipitate was 
washed with 20 mL cold DCM. Hie organic layers were combined and washed with IM 

10 NaHS04, (2 x 20 mL), thai saturated NaHC03 (2 x 30 mL). The organic layer was dried over 
MgS04, filtered and the solvent removed under reduced pressure. The desired product 

precipitated out of solution and was washed with 80/20 hexanes/ ethyl acetate. The mother 
liquor was saved for further recovery. HPLOMS: m/e= 493 (M+1); Rt = 3.93 min; iH-NMR 
500MEIZ (CDCI3): 6 3.36 (s,3H),3.38 (s, 3H), 7.16-7.11 (mi, 4H), 7.16-7.32 (m,3H). 

15 

REFERENCE EXAMPLES 6 AND 7 




Reference Example 6 

2-(Methylsulfonyl)-4-(3,4- 

diflnQrobenzyloxy)-5-(4-chloro 

phaiyl)-6-(2,4-dichlorophenyl) 

pyrimidine 




Reference Example 7 

2-(3,4-DifluQroben2yloxy)-4- 

(methylsulfonyl)-5-(4-chlaro 

phCTyl)-6-(2,4-dichlQrophenyl) 

pyrimidine 
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2-(Methylsulf(myl)-4-(3,4-<Muoroberizyloxy)-5-(4-cUorophenyl)-6-(^ 
dicWc)rophenyl)pyrimidine and 2-<3,4-Difluoiobenzyloxy)-4-(methylsuIfonyl)-5-(4- 

chloiophenvlV6-f2.4-dichloiophenY '>rY""'^'^'"*'' 

In a SO mL lound bottom flask fitted with a magnetic stiner bar and rubber septum was added 20 

5 mL anhydrous THF (Aldiich) and 2,4-bis(methyl-sulfonyl)-5-[4-chloiophenyl]-6-[2, 4- 

dichlorophenyl]pyiimidine (Reference Example 5) (1.47 g, 3 mmol). The flask was flushed with 
nitrogen and cooled to -78°C. In a separate flask, also fitted with a magnetic stirr^ bar and 
rubber s^tum, is added 10 mL anhydrous THF and 3,4-diflucm>benzyl alcohol (345 \JiL, 3.0 
mmol). IMs flask was flushed with nitrogen and cooled to O^C. Then n-butyl lithium (1.5 mL, 3 

10 nunol) (Aldrich,2M solution in hexane) was added via syringe and the solution stirred for several 
minutes. The lithium alkoxide solution was then withdrawn by syringe and slowly added to the 
first reaction flask at a rate such that the solution temperature does not rise above -60°C. The 
solution was stirred at -78°C for 1 h, slowly warmed to room temperature (90 minutes), 
quenched with saturated sodium bicarbonate and the reaction products extracted with DCM. The 

15 organic layer was dried over MgS04, filtered, and the solvent removed under reduced pressure. 

* 

Flash column chromatognqphy on silica gel (eluted with 85/15 hexanes/ethyl acetate) afforded a 
higher Rf product and a lesser quantity of a lower Rf product. Both gave MS: m/e- 555 (Wt+ 
1). The hi^er Rf product (TLC), which does not show an NOE effect, is 2-(3,4- 
difluoK)benzyloxy)-4Kmethylsulfonyl)-5<4-cUorophenyl)-6-(2,4-dicUoro-phenyl)pyrimidm 
20 (Reference Example 7): MS: /n/e= 555 (M*^+ 1); iH-NMR 500 MHz (CDCI3): 

8 3.36 (s, 3H), 5.49 (s, 2H), 6.99 (d, J=8 Hz, 1 H), 7.18-7.30 (m. 7H), 7.38 (m, IH), 7.39 (d, J=2 
Hz,lH), 

By diflBaence NOE (a strong NOE between the benzylic protons and the ortho hydrogen on 5-(4- 
chlorophenyl) ring on the pyrimidine), we determined that the lower Rf product (TLC) is 2- 
25 (methylsulfonyl)-4-(3,4-difluorobenzyloxy)-5-(4-chlorophenyl)-6-(2,4- 

dichlorophenyl)pyrimidine (Reference Exanq)le 6): MS: m/e- 555 QA*^+ 1); iH-NMR 500 
MHz (CDCI3): 8 3.40 (s. 3H), 5.57 (s, 2H), 7.07-7.11 (m, 3H), 7.18-7.30 (m, 6H), 7.39 (d, J=2 

Hz, IH). 

In general, the 2r(sSky\, alkoxy, aryloxy, arylalkoxy or amino)-4-(methylsulfonyl)-5-(4- 
30 chlorophenyl)-6-(2,4-dichlorophenyl)pyrimidines woe &e higher Rf product while ahnost all of 
the 2-(methylsulfonyl)-4-(alkyl, alkoxy, aryloxy, arylalkoxy or amino>5-(4-chlorophenyl)-6- 
.(2,4-dichlorophenyl)pyrimidines proved to be the lower Rf product of reaction in the 
nucleophilic substitution reactions on the bis-metiiylsulfonyl pyrimidine (R^errace Example 5). 
. Within the group of 2-(alkyl, alkpxy, aryloxy, arylalkoxy or amino)-4-(methylsulfonyl)-5-(4- 
35 chlorophenyl)-6-(2,4-dichlorophenyl)pyrimidines, there are observed similar shifts and splitting 
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patterns in the aiomatic legion of the iH-NMR's. The 2-(methylsulfQiiyl)-4-(alkyl, alkoxy, 
aryloxy, arylalkoxy or aimno)-5-(4-chloropheffliyl)-6-(2,4-dichlorophenyl) pyiimidines displayed 
a distinctly different set of shifts and splitting patterns in the aiomatic legion of the iH-NMR's. 
This observation f adlitated the regiochemical assignmooits in the nucleophilic displacement 
reactions of Reference Example 5. 



REFERENCE EXAMPLE 8 AND 9 





SO2CH3 



Reference Exan^le 8 
2-Methylsiilfonyl-4-methyl-5- 
(4-chlorophenyl)-6-(2,4- 
dichloiophenyl)pytiniidine 



Reference Example 9 
2-Mefliyl-4-metiiylsulfonyl-5- 
(4-chlorophenyl)-6-(2,4- 
dichlorophenyl)pyrimidine 



2-Nfethylsulfonyl-4-methyl-5-(4-cWorophenyl)-6-(2,4-dicWorophenyl)pyiimidm^ 
10 2-Methvl-4-methvlsulfonvl-5-(4-cMorophenvlV6-(2.4-dicMoiop hpny1)pvrimidine 

In a small round bottom flask fitted with a magnetic stitrer bar and rubber septum was added 2,4 
bis(methylsulfonyl)-5-[4-chloiophenyl]-6-[2, 4-dichlorophenyl]pyrimidine (Reference Example 
5, 200 mg, 0.38 mmol) and 5 mL THF. Hie flask was flushed with nitrogen and cooled to - 
TS^C. Then 1 equivalent of methyl magnesium bromide (390 ^iL, 1 M in ether (Aldrich)) was 
15 added to the solution via syringe. The solution was stirred 30 min, brought to room temperature 
and quenched with NHCI4. Extraction with ether, drying over MgS04, filtering, reducing the 

solvent volume and flash chromatography (75/25 hexanes/ethyl acetate) afforded a higher Rf 

product and a lower Rf product. The iR-NMR of 2-methyl-4-methylsulfonyl-5-(4- 
chlorophenyl)-6-(2,4-dichlorophenyl)pyiimidine is as follows: iH-NMR 500 MHz (C35CI3): 

20 5 2.93 (s, 3H (2-methyl proton)), 3.40 (s, 3H (4-methylsulfonyl proton)), 7.02 (d, J=8 Hz, IH), 
7.18-7.20 (m, 3H), 7.21-7.29 (m, 2H), 7.39 (d, 1=2 Hz, IH). An difference NOE study was 
performed on the methyl protons attached to the pyrimidine ring for this isomer and no NOE 
signal was detected. The NMR of 2-methylsulfonyl-4-methyl-5-(4-chlorophenyl)-6-(2,4- 
dichlnronhenvn ovrimidine is as follows: iH-NMR 500 MHz (CDCh): S 2.57 (s, 3H (4-methy 
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proton)), 3.41 (s, 3H (2-methylsulfonyl proton)), 7.05 (m, J=9 Hz, 3H), 7.19 dd, J=8 Hz, J=2 
Hz, IH), 7.30-7.35 (m, 3H). A difference NOE study was performed on the methyl protons of 
this isomer attached to the pyrimidine ring and a strong NOE signal was observed with the ortho 
proton on the 5-(4 chlorophenyl) ring (8=7.05). 

5 

REFERENCE EXAMPLE 10 




Br 



2.4-Dichlorobenzvl bromide 

To a 500 mL round bottom flask fitted with a Teflon magnetic stirrer was added 2,4- 

10 dichlorotoluene (Aldrich) (14.4 g, 90 romol) in 300 mL glacial acetic acid. To this was added 

sodium bromide (9.4 g, 92 mmol) and anhydrous eerie ammonium nitrate (100 g, 182 mmol) and 

the reaction mixture was heated at 80° C for 2.5 h. The reaction mixture was then poured into 

1000 g of ice and water. The slurry was extracted with ether (3 x 200 mL) and the combined 

ether layers were washed with saturated aqueous sodium bicarbonate. The organic layer was 
15 dried over MgS04, filtered, and the solvent removed under reduced pressure. The crude product 

was chromatographed by flash column chromatography on silica gel (eluted with 100% hexanes) 
and the desired product obtained. ^HNMR 500 MHz (CDCI3): 5 4.58 (s, 2H), 7.28 (m, IH), 

7.43 (m, 2H), 

20 REFERENCE EXAMPLE 11 




2-fO-AcetvlV2\4*-dichlorophenvl ketone 

Step A: 2-Bromo-2\4'-dichlorophenvl ketone 

A solution of 2',4'-dichloroacetophenone CLancaster)(100 g, 528 mmol) in 500 mL glacial acetic 
25 acid was poured into a 1 L round bottom flask filled with a large TEFLON coated stir bar. A 
pressure equalizing glass addition funnel was attached to the flask and bromine (85 g, 575 nunol) 
was added to it The bromine was slowly added to the flask over a period of 1 h, and the 
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tempCTature was maintained at 35-40'^C during the addition- Stirring was continued for an 
additional 1 h. Then the reaction mixture was stripped, under reduced pressure, of the acetic acid 
and the remaining product was taken up in 300 mL DCM and washed with saturated sodium 
bicarbonate (3 X 100 mL), saturated brine (2 X 100 mL) and dried over MgS04 before filtration. 

Removal of the solvent under reduced pressure gave essentially pure product (< 5% of the 
dibromo derivative). HPLC/MS: m/e= 269 (WT + 1); Rt = 3.9 min. 

CU ^ ^Cl 




StepB: 2-fO-AcetvlV2\4'-dichlQrophenvl ketone 

10 A solution of 2-bromo-2' ,4'-dichlQroacetophenone (97 g, 254 mmol) in 400 mL reagent grade 

acetone was poured into a 1 L round bottom flask jSlled with anhydrous potassium acetate (SO g, 

S 10 mmol). A reflux condenser was attached to the flask and the reaction mixture was refluxed 

for 2 h. The flask was then cooled to room temperature and the precipitate filtered off. The 

solvent was stripped off under reduced pressure and the product chromatographed in several 
15 batches with etiiyl acetate/hexane (95/5 to 85/15 gradient). HPLC/MS: m/e^232 (M^+1); Rt = 

3.3 min. 



REFERENCE EXAMPLE 12 



20 




2.4-Bis(methvlttooV5-rO-acetvl1-6-f2,4-^cMoropb ftnYl]pYrimidiTie 

The titie compoimd was synthesized by the procedure described in Reference Example 4. Triflic 

anhydride (20.0 g, 71 mmol) and methylthiocyanate (8.7 mL, 128 mmol) in anhydrous DCM 

(125 mL) was slowly added a solution of 2-(0-acetyl>-2\4'-dichlorophenyl ketone from 

25 Ref^nce Example 1 1 (16 g, 64 mmol) in 20 mL DCM. The product was flash chromatographed 
(97/3 hexanes/ethyl acetate) to give the desired product MPLC/ms: ifi/e= 374 (m- 1); Rt = 4.3 
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min; iH-NMR 500 mHZ (CDCI3): 6 2.14 (s, 3H), 2.63 (s, 3H), 2.64 (s, 3H). 7.35 (s. 2H), 7.51 
(s. IH). 



REFERENCE EXAMPLE 13 




2.4-Bis(methvkulfonvD-5-rO-acetvl1-6-r2.4-dichloiopheavllDY ""*''^'"ft 
Hiis compound was synthesized by the procedure descnbed in Reference E»unple 5 where 2,4- 
bis(methylthio)-5-[0-acetyl]-6-[2,4-dichlorophenyl]pyrimidine (Reference Example 12 (3.1 g, 
8.3 mmol) in 60 mL DCM was cooled in an ice bath and mCPBA (68%, 8.4 g, 34 mmol, 4.1 eq) 
was added portion wise over 30 minutes. The ice bath was removed and the reaction stirred 
overnight. The next day, the precipitated add was filtered off. The organic layer was washed 
with IM NaHS04, (2 x 20 mL), saturated NaHCOs (2 x 30 mL) and dried over MgS04. The 

solution was filtered and the solvent removed under reduced pressure. The desired product was 
used without further purification. HPLC Rt = 3.93 min; iH-NMR 500 MHz (CDCI3): 5 2.25 

(s, 3H), 3.46 (s, 3H). 3.49 (s, 3H), 7.42 (m, 2H), 7.61 (s, 3H). 

REFERENCE EXAMPLE 14 




SO2CH3 



« 

2-Methvlsulfonvl-4-methoxv-5-(0-acetvn-6-r2.4-dichlQrophenY l1pY""^i<^ffle 
2,4-Bis(methylsulfonyl)-5-(0-acetyl)-6-[2,4-dichlorcq)henyl] pyrimidine from Reference 
Example 13 (880 mg, 2.0 mmol) was reacted with 1.0 equivalent each of n-butyl lithium and 
methanol by the procedure described in Reference Bxanq>le 6 and 7 to sScxd exclusively the title 
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product HPLC/MS: m/e = 391 (M'-l); Rt= 3.42 min. iH-NMR 500 MHz (CDCI3): 5 2.21 (s, 
3H), 3.39 (s, 3H), 4.23 (s, 3H), 7.29 (d, J= 8 Hz, IH), 7.40 (d, J=8 Hz, IH), 7.55 (d, J=2 Hz, IH). 



REFERENCE EXAMPLE 15 



10 




SO2CH3 



OCH3 



2-Metfavlsulfonvl-4-methoxv-5-hvdroxv-6-r2.4wiicMcMX)phf «^Yl1pYrimiriinft 
2-Methylsulfonyl-4-methoxy-5-(0-acetyl)-6-(2, 4-dichlon>phenyl] pyiimidine (290 mg, 0.7^ 
) from Reference Example 14 is dissolved in 3 mL THF. To this was added 1 mL watt 
and 3 equivalents of 2 N NaOH. The reaction mixture was stirred at room temperature for 3 
Th^ the reaction mixture was treated with 4 eq of 2 N HCl and the solvents removed under 

reduced pressure. The precipitate was resuspended in ice water and filtered. The product is 
insoluble in methanol or chloroform. HPLC/MS: m/e - 350 (M^-1): Rt - 3.04 min. 



iiiti 



15 



REFERENCE EXAMPLE 16 




OCH3 



Hill 



ol) 



2-Methvlsulfonvl-4-methoxV"5-trifluoromelhansi^^ 

2-Methylsulfonyl-4-methoxy-5-hydroxy-6-[2, 4-dichlorophenyl] pyiimidine (700 mg, 2.0 
20 picpared as described in Reference Example IS was suspended in DCM (10 mL) in a round 

bottom flask fitted with a magnetic stir bar and rubber septum. The reaction mixture was cooled 
to 0°C and pyridine (200 |iL 5 nmiol), followed by trifluoromethanesulf onyl anhydride (360 )iL, 
2.2 mmol) were added to the reaction mixture via syringe. The mixture was brought to room 
temperature, stirred for 2 h and worked up by adding 20 mL DCM and 20 mL ice cold 0.3 M 
25 NaOH. The organic layer was separated and subsequentiy washed with LO M citric acid (2x5 
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mL). Hie organic layer was dried over MgS04, filtered and &e solvent removed under reduced 

pressure. Flash chromatography (8S/1S hexanes/ethyl acetate) afforded the desired product. 
HPLC Rt = 3.91 min. iH-NMR 500 MHz (CDas): 6 2.21 (s, 3H), 3.39 (s, 3H), 4.23 (s, 3H), 

7.32 (d, J= 8 Hz, IH), 7.39 (dd , J=8 Hz, J=2 Hz, IH), 7.56 (d. J=2 Hz, IH). 

5 

REFERENCE EXAMPLE 17 




10 

2-(3,4-Difluorophenoxy)-4-methoxy-5-trifluoromethansulfonyl-^[2,4-dicWon)phmyl]- 

pvrimidine 

2-Methylsulfonyl-4-methoxy-5-trifluoromethansulfonyl-6-[2, 4-dichlQrophenyl]pydmidine (93 
mg, 0.19 mmol), prepared as described in Reference Example 16, was su^ended in THF (500 

15 (iL) in a vial fitted with a magnetic stir bar and rubber septum. The reaction mixture was cooled 
to -78° and 3,4-difluQrolithium phenoxide, pr^ared by adding n-butyl lithium (100 mL, 2M 
solution) to 3,4-difluorophenol (26 mg, 0.19 mmol) in 500 THF at O^C, was added by 
syrin^. The mixture was brought to room temperature, stirred for 1 h and worked iq> by adding 
2 mL DCM and 1 mL saturated ammonium chloride. The organic layer was separated, dried 

20 over MgS04, filtered and the solvent removed under reduced pressure. HPLC analysis showed 
the product to be 95% pure and it was used in the next step without further purification. = 
4.51 min. iH-NMR 500 MHz (CDCI3): 6 4.12 (s, 3H), 7.02 (m, IH), 7.15 (m, IH), 7.20-7.45 

(m, 3H), 7.54 (d, 3=2 Hz). 

25 
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EXAMPLE 1 




2-(4-Huorobeii2yloxy)-4-(2,4-dicMoiX)phenyl>5-(4-cUoi^^ pyrimidine and 

5 2-(4-Huoroben2yloxvV4-(2-<:hloro-4-iDethvlthiophenylVS-(^ 

In a 5 mL round bottom flask fitted with a stir bar was added 1 mL DMF, 4-fluorobenzyl 

alcohol (65 uL, 0.6 mmol) and sodium hydride (60% in oil, 24 mg, 0.6 mmol). The solution 
was flushed with N2* stoppered with a mbber septum and 2-methylthio-4-(2,4-dichlorophenyl)- 

S-(4-chlorophenyl)pynmidine from Reference Example 3 (78 mg, 0.2 mmole) was added via 

10 syringe in 500 uL DMF over 90 min. The reaction was worked up with aqueous ammonium 
chloride, extracted with DCM and the organic layer was dried over MgS04. The solution was • 

filtered and the volume reduced. Hash column chromatography on silica gel (eluted with 92/8 

hexanes/ethyl acetate) afforded a major higher Rf and minor lower Rf product. The higher Rf 

product is 2-(4-fluorobenzyloxy)-4-(2,4-dichlorophenyl)-5-(4-chlorophenyl) pyrimidine. 
15 HPLC/MS: m/e=^ 459 (M^; Rt = 4.65 min; iH-NMR 500 MHz (CDCI3): 8 5.49 ( s, 2H), 7.0- 

7.12 (m. 4H), 7.22 ( d J = 8 Hz, IH), 7.24-7.30 (m, 3H), 7.38 (s, IH), 7.50 (m, 2H), 8.60 (s, 
IH). 

The minor lower Rf product is the by-product of the thiomethyl anion displacement of the 4- 

chloro substituent on the 4-(2,4-dichlorophenyl) ring, 2-(4-fluorobenzyloxy)-4-(2-chloro-4- 
20 methylthiophenyl)-5-(4-chlorophenyl) pyrimidine. HPLC/MS: m/e= 471 (M^; Rt = 4.55 min; 

lH-NMR500MHz (CDCI3): 5 2.52 (s,3H), 5.49 (s,2H), 7.0-7.10 (m,4H), 7.12-7.18 (m, 
3H), 7.24 -7.28 (m, 2H), 7.48-7.53 (m, 2H), 8.58 (s, IH). 
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EXAMPLE 2 




2K3,4-Difluon)beiizyloxy)-4-(2,4-dicUoiophenyl)-5-(4<hlarophaiyl^ and 2-(3,4- 

DifluorobenzvloxvV4-(2-cMoro-4-metfavltMophenvlV5-f4-cMoiophenvDpv ri 

5 2-Methylthio-4-(2,4-dicMoix)phenyl>5-(4-cUQiophenyl)pyiMni^ (from Referaace Example 3) 
was reacted with 3,4-difluoiobenzyl alcohol according to the procedures described in Example 1 
to afford 2-(3,4-difluorobenzyloxy)-4-(2,4-dichlorophenyl)-5-(4-chlorophenyl)pyrimidine as the 
higher Rf product (95/5 hexane/ethyl acetate TLC. HPLCVMS: m/e= 478 (M*); Rt = 4.69 min; 
iH-NMR 500 (CDQs): 8 5.47 ( s, 2H), 7.07 (d, J=9 Hz, IH), 7.18-7.22 (m. 3H), 7.22-7.30 (m, 

10 5H), 7.40 (d, J=2 Hz, IH), 8.62 (s, IH). 2-(3,4-Difluorobenzyloxy)-4-(2-chloro-4- 

thiomethylphenyl>5-(4-chlorophenyl) pyrimidine was obtained as the lower Rf product which 

was the by-product of the thiomethyl anion displacement of the 4-chloro substituent on the 4- 
(2,4-dichlorophenyl) ring. HPLC/MS: ni/e= 489 (M+1); Rt = 4.59 min; iH-NMR 500 MHz 
(CDCI3): 8 2.52 (s, 3H), 547 ( s, 2H), 7.0-7.10 (m, 2H), 7.15-7.21 (m, 3H), 7.24 -7.30 (m, 

15 3H), 7.40 (m, 2H), 8.60 (s, IH). 

m, - 

EXAMPLE 3 




20 2-(4-CWorob©Dayloxy)-4-(2,4-dicUorophenyl>5-(4-cUorophenyl)pyiiimdine and 2-(4- 

rhlnmhCTZvloxvV4-(2-cMoro-4-inethvlthio-phenvlV5-(4-chlmophe ny1>pY"'^'^"^ 
2-Methylthio-4-(2,4-dichlQrophenyl)-5-(4-chlorophenyl)pyiimidine (from Reference Example 3) 

was reacted with 4-chlorobenzyl alcohol according to the procedures described in Exanq>le 1 to 
afford 2-(4-chlorobenzyloxy)-4-(2,4-dichlorophenyl>5-(4-dilorophenyl)pyrimidine as the higher 
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Rf product (95/5 hexane/ethyl acetate TLC). HPLCVMS: m/e- All (M+l); Rt = 4.91 min; iH- 
NMR 500 MHz (CDCls): 5 5.50 ( s, 2H), 7.02 (d, J=9 Hz, 2H), 7.22 (d, J=9 Hz, IH). 7.22-7.30 

(m, 4H), 7.40 (d, J=9 Hz, 2H), 7.50 (d, J=9 Hz, 2H), 8.62 (s, IH). 

2-(4-ChlQiobenzyloxy)-4-(2-chlQro-4-thiometfayl phenyl)-5-(4-chlQrophaiyl) pyiimidine was 

5 obtained as the lower Rf by-product of the thiomethyl anion displacement of the 4-chlQro 
substituent on the 4-(2,4-dichlorophenyl) ting. HPLC/MS: in/e= 489 (M+l); Rt = 4.81 min; 

iH-NMR 500 MHz (CDCI3): 6 2.52 (s, 3H), 5.50 (s, 2H), 7.03 (m, 2H), 7.10-7.20 (m, 2H), 
7.24 -7.30 (m, 3H), 7.38 (d, J=9 Hz, 2H), 7.50 (d, J=9 Hz, 2H), 8.60 (s,lH). 




2-(3,4-DicUorobenzyloxy)-4-(2,4-dicMorophenyl>5-(4-cMotophenyl)pyrimidine and 2-(3,4- 
DicMorDbenzvloxv')-4-(2-cM<MX)-4-methylthio-phenvlV5-(4-€Morophenvl)pvriTnidiiie 

2-Methylthio-4-(2,4-dichlorophenyl)-5-(4-chloiophenyl)pyxiniidine (from Reference Example 3) 

15 was reacted with 3,4-dichlorobenzyl alcohol according to the procedures described in Example 1 

to afford 2-(3,4-dichlorobenzyloxy)-4-(2,4-dichloroph«iyl)-5-(4-chlorophenyl)pyrimidine as the 
higher Rf product (95/5 hexane/ethyl acetate TLC). HPLCVMS: m/e- 511 (M*); Rt = 5.07 min; 

IH-NMR 500 MHz (CDCI3): 5 5.47 ( s, 2H), 7.04 (d, J=9 Hz, 2H), 7.21 (d, J=9 Hz,lH), 7.22- 

7.30 (m, 3H), 7.38 (m, 2H), 7.43 (d, J=9 Hz, IH), 7.66 (d, J=2 Hz,lH), 8.61 (s, IH). 2-(3,4- 

20 Dichlorobenzyloxy)-4-(2-chloro-4-thiomethyl-phenyl)-5-(4-chlorophenyl) pyiimidine was 

obtained as thelower Rf product which was the by-product of the thiomethyl anion displacement 
of the 4-chloro substituent on the 4-(2,4-dichlorophenyl) ring. HPLC/MS: m/e=523 (M+l); Rt = 

4.93 min; iH-NMR 500 MHz (CDCI3): 8 2.52 (s, 3H), 5.48 (s. 2H), 7.0-7.10 (m, IH), 7.15- 
7.21 (m, 2H), 7.24 -7.30 (m, 3H), 7.40-7.60 (m, 3H), 7.68 (d, J=2 Hz,lH), 8.60 (s, IH). 

25 

EXAMPLE 5 
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2-(3-Huorobeiizyloxy)-4-(2,4-<iichlorophenyl)-5-(4-^ and Tr-^S- 

Huorobenzvloxv)-4-(2-cMoro-4-methvltMo-phenvlV^ 

2-Methylthio-4-(2,4KUchlorophenyl)-5-(4-cM (from Reference Example 3) 

5 was reacted with 3-fluorobenzyl alcohol according to the procedures described in Example 1 to 

afford 2-(3-fluorobenzyloxy)-4-(2,4HiicWorophenyl>5-(4-chlorophenyl)pyrim the higher 
Rf product(95/5 hexane/ethyl acetate TLC. HPLC/MS: 460 (M^; Rt = 4.66 min; iH-NMR 
500 MHz (CDCI3): 8 5.53 ( s, 2H), 7.04 (d over m , J=9 Hz, 3H), 7.2-7.3 (m, 6H), 7.36-7.4 (m, 

2H), 8.61 (s, IH). 

10 2-(3-Huorobenzyloxy)-4-(2-cMoro-4-tMomethylphenyl)-5-(4-chlorophenyl)py^ was 

obtained as the lower Rf product which was the by-product of the thiomethyl anion displacement 
of the 4-chloro substituent on the 4-(2,4-dichlorophenyl) ring. HPLC7MS: m/e= All (M*); Rt = 

4.56 min; iH-NMR 500 MHz (CDCI3): 5 2.52 (s, 3H), 5.53 ( s. 2H), 7.0-7.10 (m, 3H), 7.15- 
7.21 ( m, 2H), 7.21 -7.30 (m, 4H). 7.31-7.4 (m, 2H), 8.60 (s, IH). 

15 

EXAMPLE 6 



CI 



CI 




2-G-CMorobenzY laTiiiTin )-4-(2.4-dicMorophenvlV5-(4-chloroph fi^Yl>pY""^ 

Step A: 2-Methvlsulfonvl-4-f2.4-dicMorophenvlV5-(4-cMoropheny l>pvrimid 

20 In a 25 mL round bottom flask fitted with a stir bar was added 2-methylthio4-(2,4- 

dichlorophenyl)-5-(4-chlorophenyl)pynmidine (Reference Example 3) (762 mg» 2 mmol) and 10 
mL DCM. Tlie flask was cooled to 0^ and a slight excess of m-chloroperbenzoic acid (70%) (1.0 
g, 4 mmol) was slowly added and stirred oveniight at room temperature. The reaction was 
worked up by adding l.OM sodium bisulfite (3 mL), 25 mL more of DCM and the reaction was 

-79- 



wo 2004/029204 



PCTAJS2003/030161 



10 



15 



stirred vigorously to destroy any excess peracid. After washing with LO M sodium bicarbonate, 
the DCM layer was dried over MgS04. Filtering the mixture and reducing the solvent volume 

under reduced pressure gave the desired product which was 97% pure by LC. This was used 
without further purification. HPLC/MS: m/e= 415 (NT); Rt = 3.68 min; iH-NMR 500 MHz 
(CDCI3): 5 3,46 (s, 3H), 7.08 (d, J=9 Hz, 2H), 7.31-7.4 (m, 5H), 9.00 (s, IH). 

Step B: 2-(3-CMoroVfcp^yy1aniinn)-4-(2.4-dichlorophenvlV5-(4"cMor 
To a 5 mL round bottom flask fitted with a stirrer bar and robber septum was added 1 mL DMP 
and 2-methylsulfonyl-4-(2,4-dichlorophenyl)-5-(4-chlorophenyl) pyrimidine (103 mg, 0.2 mmol) 
from Step A. Then 3-chlorobenzyl amine (2 eq, 50 /iL, 0.4 mmol) was added vial syringe and 
the mixture heated at lOO^C for 4h. HPLC/MS, showed that the starting material had been 
converted to the desired product The product was extracted from 10 mL water with 20 niL 
ether, dried over MgS04, filtered and the solvent removed under reduced pressure. Flash 

column chromatography on silica gel (eluted with 92/8 hexanes/ethyl acetate) afforded the 
desired product. HPLC/MS: m/e^ 476 (M+1); Rt = 4.70 min; iH-NMR 500 MHz (CDCI3): 6 

5.46 (s, 2H), 7.08 (d, J=9 Hz, 2H), 7.31-7.4 (m, 5H), 7.41-7.53 (m, 4H), 9.00 (s, IH). 

EXAMPLE 7 




20 



25 



2-(NJN-Dii "ftth Ylftmino^-4-(2.4-dichlorophenvlV5-f4^^ 

To a 25 mL thick glass wall pressure tube was added a stirrer bar, 4 mL DMF and 2- 

methylsulfonyl-4-(2,4-dicUorophenyl>5-(4-cWorophenyl)pyiinud^ (42 mg 0.1 mmol). Then 

excess dimethylamine in ether (2M) was added, the tube sealed and heated at lOO^C for 18 h. 

The solvents were removed under high vacuum, and product was obtained. HPLC/MS: m/e= 379 
(M+1); Rt = 3.79 min; iH-NMR 500 MHz (CDCI3): 8 3,18 (s, 6H), 7.40 (d, J=9 Hz, IH). 7.5- 

7.6 (m, 3H), 7.8 (m, 2H), 8.20 (s, IH). 

EXAMPLE 8 
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%Aminn-4-(2.4-dicMorophenvlV5-(4^;MoioDh «^Y^)rY""'^*^'"*'' 

In a 75 mL stainless steel pressure vessel was added 5 mLDMF and 2-rDethylsulfonyl-4-(2,4- 

dicUorophenyl)-5-(4K;Uc>rophenyl)pyriimdine (420 mg, 1.0 mmol). Then excess ammonia gas 

was introduced into the vessel, and the vessel was sealed with a stainless steel nut. The vessel 

was heated at 120''C for 18 h. The solvent was removed und» high vacuum and product was 
obtained. HPLC/MS: m/e= 351 (M+1); Rt = 3.42 min; iR-NMR 500 MHz (CDCI3): 8 4.8 (bs, 

2H), 7.42 (d, J=9 Hz, IH), 7.5-7.6 (m, 3H), 7.8 (m, 2H), 8.18 (s, IH). 

EXAMPLE 9 




2-Carboxv-4-(2.4-dichlorophenvl')-5-(4-chloropb ft*«Y^)pY""'^'^^"*'' 

Step A: 2-Cvano-4-(2.4-dichlorophenvlV5-f4-chlQrophe nYl>pY""^'^"^- 

To a 25 mL round bottom flask fitted with a stirrer bar and rubber septum was added 2- 

methylsulfonyl-4-(2,4-dichlorophenyl)-5-(4-chlorophenyl)pyrimidine (1.45 g, 3.5 mmol) and 10 

mL DCM. The solution was cooled to 0°C and tetra-N-butyl ammonium cyanide (1.9 g, 7.0 

mmol) was added portion-wise. Within 10 minutes, no starting material was seen. The reaction 

mixture was worked up with 2 x 10 mL water and the aqueous layer was disposed of in the toxic 

waste container. The organic layer was dried over MgS04, filtered and the solvent was removed 

under reduced pressure. The crude product was chromatographed by flash column 
chromatography on silica gel (eluted with 95/5 hexanes/ethyl acetate) to give the desired product. 
HPLC/MS: m/e= 367 (M+7). Rt = 4.13 min; iH-NMR 500 MHz (CDQa): 6 7.10 (d, J=9 Hz, 

2H), 7.3-7.41 (m, 4H), 8.92 (s, IH). 

Step B: 2-Carboxv-4-(2.4-dichloro|Aaivn-5-f4-chlorQphe ^Y^>PY""'^'^^"^ 
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To a 25 mL round bottom flask fitted with a stiixer bar and rubber septum was added 2-cyano-4- 

(2,4-dicUorophenyl)-5K4-cMorophenyl)pynmidine (800 mg, 2.2 mmol) and 3 mL concentrated 

sulfuric acid. The mixture was heated at 80*^0 for 1 h. By LCVMS, the material was converted to 
the carboxamide HPLC/MS: m/e= 378 (M*). Rt = 3.25 min. Further heating at 120*'C for 3 h 

5 gave clean conversion of the amide intermediate to the carboxylic acid. The reaction mixture 

was poured into ice water and the product was extracted with DCM. No further purification was 
necessary. HPLC/MS: m/e- 335 (M *- CO2). Rt = 3.74; iH-NMR 500 MHz (CDCls): 8 7.10 

(d, J=9 Hz, 2H), 7.3-7.41 (m, 4H), 8.92 (bs, IH), 938 (bs, IH). For comparison purposes, 
treatment of 2-cyano-4-(2,4-dichlQrophenyl)-5-(4-chloroph^yl)pyrimidine in water with KOH 
10 gave 2-hydroxy-4-(2,4-dichlorophenyl)-5-(4-chlorophenyl)pyriniidine (HPLC/MS: m/e= 351 
(M^. Rt = 2.90. 



EXAMPLE 10 




2-\fethvlthio-4-G.4-difluorobenzvloxvV5-f4-<;MorophenvlV6-(2.4-dicMor »p^fmyl)py^ 

To a round bottom flask fitted with a magnetic stir bar and rubber septum was added 1 mL DMF, 
3,4-difluorobenzyl alcohol (23 (iL, 0.120 mmol) and sodium hydride (60% in oil, 8 mg, 0.20 
mmol). The flask was flushed with nitrogen. The product of Reference Example 4, (84 mg, 0.2 
mmol) in 500 (jL DMF was added by syringe. The reaction was heated at 100°C for 1 hour and 
then poured into ice water and tibie product extracted with ether. The ether layer was dried 
(MgS04), filtered and the solvent removed under reduced pressure. Flash column 

chiomatography on silica gel (eluted with 75/25 hexanes/ethyl acetate) gave starting material 
and the desired product. HPLC/MS: m/e= 525 (M*+ 1); Rt = 4.97 min; iH-NMR 500 MHz 

(CDCI3): 5 2.60 (s, 3H). 4.69 (s, 2H), 7.09 - 7.23 (m, 9H). 7.38 (d, J=2 Hz, IH). 

EXAMPLE 11 



15 



20 



25 
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2-Methylthio-4-hydroxy-5-(4-cUorophenyl)-6K2,4^ 
2-MethoxV'4-hvdroxv-5-(4-cMorophenvl^-6-(2.4-dicMoropheD Y^ 
5 To a round bottom flask fitted with a magnetic stir bar and small reflux condenser was added 
0.23 mL methanol, and sodium metal (23 mg, 1.0 mmol), and the flask was flushed with 
nitrogen. When the sodium dissolved , the starting material (Reference Example 4, 215 mg, 0.5 
mmol) in 500 ^ methanol was added by syringe. No reaction occurred after reflux for 1 h. The 

methanol was blown off with nitrogen and 2 mL DMP added to the mixture. After heating for at 

• • 

10 80^C for 5 h, two major products were observed by LC. The product eluting at Rt?= 3.49 min 

was 2-methoxy-4-hydroxy-5-(4-chlorophenyl)-6-(2, 4-dichlorophenyl)pyrimidine, m/e- 382 

(M*"- 1) and that at Rt= 3.75 min was 2-methylthio-4-hydroxy-5-(4-chlorophenyl)-6-(2,4- 

dichlorophenyl)pyrimidine, m/e^ 399 0M^+ 1)- The reaction mixture was poured into aqueous 
NH4CI and the products precipitated out of solution. The precipitate was washed with water, 

15 dried under reduced pressure and re-dissolved in DCM. Soon thereafter, a precipitate fell out of 

this organic layer and was filtered off. By TIXI (75/25 hexanes/ ethyl acetate- Rf= 0.15) and 

LCTMS, this product is 2-methylthio-4-hydroxy-5-(4-chlorophenyl)-6-(2,4- 

dichlorophenyl)pyrimidine (78 mg); m/e- 399 (M^+ 1). Rt= 3.75 min; iH-NMR 500 MHz 
(CDQs): 5 2.58 (s, 3H), 7.08 - 7.23 (m, 6H), 7.37 (d, J=2 Hz, IH). 

20 The organic filtrate was chromatographed (65/35 hexanes/ ethyl acetate) and 2-methoxy-4- 

hydroxy-5-(4-chlorophenyl)-6-(2,4-dichlorophenyl) pyrimidine was isolated: in/e= 382 (M^- 1). 
Rt= 3.49 min; iH-NMR 500 MHz (CDCI3): 5 4.0 (s, 3H), 7.04 - 7.23 (m, 6H), 7.37 (d, J=2 Hz, 

IH). 

25 EXAMPLE 12 
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f 




2.4-Dihvdioxv-5-f4-cMoiophenvn-6-(2.4-dicM(iroiAe ^Y^>PY"™'^"*^ 

To a 10 mL round bottom flask fitted with a magnetic stinea: bar was added 2-methylthio-4- 

hydroxy-5K4-cMorophenyl)-6K2,4-dicWorophenyl)pyrimidine £n>m Example 11 (40mg,0.1 

5 mmol) and 1 .0 mL DCM. The leaction flask was cooled in an ice bath and mCPB A (70%, 
SOn^, 0.22 mmol) was added all at once. After 2 h, two new products were observed by LC. 
The product eluting at Rt= 3.38 min was 2-methylsulfonyl -4-hydroxy-5-(4-chlorophenyl)-6-(2, 
4-dichlorophenyl) pydmidine, mJe- 431 (M^+ 1) and that at Rp: 2.91 min is 2,4-dihydroxy-5-(4- 
chlorophenyl>6-(2,4-dichlQrophenyl)pyiimidine: m/e- 367 (M*). The mixture was poured into 

10 2 NNaOH and heated briefly. The precipitate that formed was filtered, washed with water and 

dried und^ reduced pressure. The title product was recovered. in/e= 367 ^4*)- Rt= 2.91 min; 
IH-NMR 500 MHz (CDCI3): 8 6.98 (d, J= 8 Hz, 2H), 7.08 (d, J= 8 Hz. IH), 7.17 (d, J= 8 Hz, 

3H), 7.38 (d, 1=2 Hz, IH), 9.8 (bs, IH), 10.1 (bs IH). 

EXAMPLE 13 



15 




2-Methvlthio-4-methoxv-5-(4-chloiophenvn-6-(2.4-dichlo tTnphftTiY^>PY""^^'^^"^ 
To a round bottom flask fitted with a magnetic stir bar and small reflux condenser was added 
0.25 mL methanol, sodium metal (23 mg, 1.0 mmol). The flask was flushed with nitrogen. 
When the sodium dissolved, 2,4-bis(methylthio>5-[4-chlorophenyl]-6-[2, 4-dichlorophenyl]- 
20 pyrimidine (Reference Example 4, 215 mg, 0.5 mmol) in 500 pL methanol was added by 
syringe. The methanol was removed under high vacuum and 2 mL scrupulously dried DMF 
(15X sieve and 3A sieve, respectively) added to the mixture. The mixture was stirred for 5 h, 
quenched in aqueous NH4a and immediately extracted with ether. Starting material and 
product were observed by LC. The organic layer was dried over MgS04 and filtered. Hie 
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solvent iQOioYed und^ reduced inressuie. Flash column chromatography on silica gel (eluted 

with 98/2 hexanes/ethyl acetate) gave pure product and mixed starting material/ product fraction. 

The title compound eluted by LC at Rts 4.62 min, mJe^ 313 (M^+1). iH-NMR 500 MHz 
(CDCI3): 6 2.64 (s, 3H), 4.05 (s, 3H), 7.08 (d, J= 8 Hz, 2H), 7.13 (d, J= 8 Hz, IH). 7.19-7.24 

5 (m. 3H), 7.34 (d, J=2 Hz, IH). 

EXAMPLE 14 




10 



■(4-chlorophenvlV6-(2.4-dichlorophenvl)pv ritnidim 



Step A: 2-Methylsulfonyl-4-hy(boxy-5-(4-chlorophenyl)-6-(2,4- 

dichlorophp ny1>p'Vriniidine 



To a round bottom flask fitted with a magnetic stir bar and rubber septum was added 2 mL DMF, 
6-[2, 4-dicmorophenyl]-5-[4-cWorophenyl]-2,4-bis(methylsulfonyl)pyiimidine (Eleference 

15 Example 5) (98 mg, 0.2 mmol) and potassium cyanide (15mg, 0.22 mmol). llie mixture was 
heated for 30 min at 80^ By LC, all starting material was consumed CEtt? 3.59 min) and a new 
peak appeared (Rt^3.50 min). The molecular wei^t corresponded not to the cyano derivative, 
but to 2-methylsulfonyl-4-hydroxy-5-(4-chlorophenyl)-6-(2,4-dichlorophenyl)pyrimidine. 
C9PLC/MS: m/e- 430 (M ^) probably due to the fact that the solvent was not anhydrous. 

20 StepB: 2-(3,4-Difluorobenyloxy)-4-hydroxy-5-(4-chlorophenyl)-6-(2,4- 

dichlorop b«^Y*)PY""'^'^^^ 

To a round bottom flask fitted with a magnetic stir bar and rubber septum was added 2 mL DMF, 

3,4-difluorobenzyl alcohol (14 jU, 0.11 mmol) and sodium hydride (60% in oil, 4.5 mg, 0.12 
mmol). The flask was flushed with nitrog^ and 2-methylsulfonyl-4-hydroxy-5-(4- 
25 chlorophenyl)-6-(2,4-dichlQrophenyl)pyrimidine (fiom Stq) A) (43 mg, 0.1 mmol) in 500 pL 
DMF was added by syringe. After Ih, the reaction was quenched with aqueous NH4CI. A 

precipitate fell out of solution and it was filtered, washed with water and dried under reduced 
pressure. HPLC/MS: m/e- 494 (M*); Rt = 4.28 min; iH-NMR 500 MHz (CDCI3): 5 5.39 (s. 
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2H), 7.04 (d, J=9 Hz, 2H), 7.09 (d, J=9 Hz, 2H). 7.15-7.22 (m. 4H), 7.22-7.28 (m, IH). 7.41 (d, 
J=2 Hz, IH). 

EXAMPLE 15 




2-G.4-DifluorophenloxvV4-hvdioxv-5-(4-cMorophenvlV6-(2.4-dicMorophenY l)pY"»T^^^ 

To a round bottom flask fitted with a magnetic stir bar and rubber septum was added 1 mL DMF, 

3,4-difluorophenol (28 mg, 0.2 mmol) and sodium hydride (60% in oil, 8 mg, 0.2 mmol). The 

flask was flushed with nitrogen and 2-methylsulfonyl-4-hydroxy-5-(4-chloroph«ttyl)-6-(2,4- 

10 dichloroph«iyl)pyrimidine (Step A, Example 14) (43 mg, 0.1 mmol) in 500 DMF was added 

by syringe. The mixture was heafed at 90°C for 10 h. The reaction was poured into ice water and 
the product extracted with ether. Hie ether layer was dried (MgS04), filtraed and the solvent 

removed under reduced pressure. Flash column chromatography on silica gel (eluted with 75/25 
hexanes/ethyl acetate) gave desired product. (HPLC/MS: in/c= 494 (M*); Rt = 4.01 min; iH- 

15 NMR 500 MHz (CDCI3): 8 6.94 (d, J=9 Hz, IH), 7.0 (m, IH), 7.08-7.22 (m, 7H), 7.34 (d, J=2 
Hz, IH). 



EXAMPLE 16 




20 2.4-bis-(3.4-DifluorobenvloxvV5-f4-cMorophenvlV6-(2.4-dichlorophenv 1VvrimiHiTie 

To a round bottom flask fitted with a magnetic stir bar and rubber septum was added 10 mL 
DMF, 3,4-difluorobenzyl alcohol (130 nL, 1.0 mmol) and sodium hydride (60% in oil, 20 mg, 
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1.0 mmol). The flask was cooled to O^C, flushed with nitrogen and 2,4-bis(methylsulfonyl)-5-[4- 

chlorophenyl]-6"[2, 4-dichioro-phenyl]- pyrimidine (Reference Example 5, 43 mg, 0.1 nunol) in 

500 |iL DMF was added by syringe. After Ih, the reaction was wanned to room temperature and 
stirred overnight. The next day, the solution was quenched with aqueous NH4CI and extracted 

5 with ether. The ether layer was then washed with brine, theorganic layer dried over MgS04, 

filtered and the solvent removed under reduced pressure. TLC (95/5 hexanes/ethyl acetate) 
showed two products. 2,4-bis-(3,4-Difluorobenyloxy)-5-(4-chlorophenyl)-6-(2,4- 
dichlorophenyl)pyrimidine is the higher Rf material (Rf =0.5). The lower Rf material was not 
identified. HPLC/MS: m/e^ 619 (M*); Rt = 5.07 min; iH-NMR 500 MHz {CDO^Y 5 5.42 (s, 

10 2H), 5.44 (s, 2H), 7.04 - 7.10 (m, 3H), 7.11-7.15 (m, 8H), 7.41 (s, 2H). 

In Examples 17-19, the pioceduie described in Example 16 was followed but 
withsubstitution of the iqppiopriate sodium alkoxide (2 eq) for sodium-3,4-difluorobenzyloxide 
in the reaction with 2,4-bis(methylsulfonyl>5-[4-chlorophenyl]-6-[2, 4- 
15 dichlorophenyl]pyrimidine (Reference Example 5) to afford the following compounds: 

EXAMPLE 17 




2.4-Dimethoxv-5-(4-<;MorophenvlV6-(2.4-dicMorop hfff^Yl>pYrim^<^ip^ 
20 HPLC/MS: m/e- 396 (M*); Rt = 4.28 min; iH-NMR 500 MHz (CDCI3): 6 4.04 (s, 3H), 4.12 

(s, 3H). 7.06 (d, J= 8 Hz, 2H), 7.12 (d, J= 8Hz, IH), 7.18-7.24 (m, 3H), 7.34 (d, J=2 Hz, IH). 



EXAMPLE 18 



87 



wo 2004/029204 



PCT/US2003/030161 



r 




2.4-Dietfaoxv-5-(4H:MorophenylV6-(2.4-<ttcMorop ltift"yiYv""'idi"e 

HPLC/MS: m/e- 424 (M*); Rt = 4.6 min; iR-NMR 500 MHz (CDQa): 8 1.37 (t, J= 7 Hz, 3H), 

1.48 (t, J= 7 Hz, 3H), 4.50 (m. 4H), 7.04 (d. J= 8 Hz. 2H), 7.11 (d, J= 8Hz, IH), 7.17-7.24 (m, 
5 3H), 7.33 (d, J=2 Hz. IH). 

EXAMPLE 19 




2.4-Dusopropoxv-5-(4-chlorophenvn-6-(2.4-dichloropheTiy1)r yrimidiTie 
10 HPLC/MS: in/e= 452 (M*); Rt = 4.89 min; iR-NMR 500 MHz (CDCI3): S 1.35 (d, J= 6 Hz, 

6H), 1.45 (d, J= 6 Hz, 6H). 5.32 (m, IH), 5.50 (m, IH), 7.04 (d, J= 8 Hz, 2H), 7.09 (d, J= 8Hz, 
IH), 7.17-7.21 (m, 3H), 7.38 (d, J=2 Hz, IH). 



EXAMPLE 20 
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2-Methylsulfonyl-4-(3,4-difluorophenoxy)-5-(4-chloropheny 
and2.4-bis(3.4'Difluoix)phenoxvV5"(4<;MoiophenylV6-(2,^ 

Starting with 2,4-bis(methylsulfonyl)-5-[4-chlorophenyl]-6-[2, 4-dicUorophenyl]pyriimdine 

(Reference Compound 5), (124 mg, 0.25 mmol), the title compound was obtained by the same 

* 

S general procedure described in Example 10. Workup and flash column chromatography on silica 

gel (eluted with 7S/2S hexanes/ethyl acetate) afforded 2-methylsulfonyl-4<3,4- 

difluorophenoxy)-5-(4-chlorophenyl)-6-(2,4-dicUorophenyl)pyrimidine: HPLC/MS: m/e- 543 
(M^+ 1)); Rt = 4.33 min; iR-NMR 500 MHz (CDCls): 5 3.27 ( s, 3H), 7.0 (m, IH), 7.1 (m, IH), 

7.20 (dd, J= 8 Hz, J= 1.6 Hz, 2H), 7.23-7.32 (m, 3H), 7.38 (m, 2H), 7.40 (d, J= 2Hz, IH). 2,4^ 

10 bis(3,4*difluorophenoxy)-5-(4-chlorophenyl)-6-(2,4-dichlorophenyl) pyiimidine was also 

isolated: HPLC/MS: m/e= 592 (M^; Rt = 4.89 min; iH-NMR 500 MHz (CDCI3): 8 6.87-6.90 

(m, 2H), 7.0-7.08 (dm, 2H), 7.09-7.21 (m, 8H), 7.36 (d, J=8 Hz, 2H), 7.48 (d, J=2 Hz, IH). 

EXAMPLE 21 



15 




2-0|(ano^(3.4-difluorophenoxyV5-(4-cMorophenvD"6-(2.4-dicMorophe ny 

The product was obtained by treating 2-methylsulfonyl-4-(3,4-difluorophenoxy)-5-(4- 

chlorophenyl)-6-(2,4-dichlorophenyl)pynmidine from Example 20 by the same general 

procedure described in Example 8, Step A. Workup and flash column chromatography on silica 
20 gel (eluted with 80/20 hexanes/ethyl acetate) afforded the title compound: HPLC Rt = 4.15 min; 

IH-NMR 500 MHz (C33CI3): 8 6.58 (m, IH), 6.70 (m, IH), 7.10 (m, 4H), 7.23-7.32 (m, 2H), 
7.38 (m, 2H). 

EXAMPLE22 
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24'3.4-IMfluorobeiizvloxv^-4-cvano-5-f4K;MorophenvlV^2.4-dicMoro pti«nYl)PY"™ 
The tide conqwund was obtained by tieatmg 2-(3,4-difluQrobenzyloxy)-4-(methylsulfonyl)-5-(4- 
chloiophenyl)-6-(2,4-dichloiophaiyl) pyiimidine ( Reference Example 7) con^und, (80 mg, 
5 0.14 mmol) by the same g&aeral pioceduie described in Example 8, Step A. Workup and flash 

column chromatography on silica gel (eluted vdth 80/20 hexanes/ethyl acetate) afforded the 
desired compound. HPLC Rt = 4.71 min; iH-NMR 500 MHz (CDCI3): 6 5.53 (s, 2H), 7.10- 

7.12 (d, J=8 Hz, 2H), 7.21-7.24 (m, 2H), 7.24-7.26 (m, 2H), 7.30-7.41 (m. 4H). 
10 EXAMPLE 23 




2-Ovano-4-(3.4-diflnnTnhen7.yloxvV5-(4-cMorophenvlV6-(2.4-dichlQrophenvlV Y""^*^ 
The title compound was obtained by treating 2-(methylsulfonyl)-4-(3,4-difluorobenzyloxy)-5-(4- 
chlorophenyl)-6-(2,4-dichlorophenyl)pyrimidine O^ference Example 6) conqMund, (55 mg, 
15 0. 1 1 mmol) by the same general procedure described in Example 8, Step A. Workup and flash 
column chxomatogrt^hy on silica gel (eluted with 80/20 hexanes/ethyl acetate) afforded desired 
product. IH-NMR 500 MHz (CDCI3): 5 5.50 (s, 2H), 7.07-7.11 (d, J=8 Hz, 2H), 7.14-7.17 (d, 

J=8 Hz, 2H), 7.18-7.23 (m, 2H), 7.23-7.30 (m, 3H). 3.39 (d. J=2 Hz, IH). 
20 EXAMPLB24 
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2-(3.4-DifluorophenoxvV4-e1favl-S-(4-cMQnn)henvlV^(2.4-dicMoi^ 

The title compound is obtained by treating 2-methylsulfonyl-4-ethyl-5-(4-chlorophenyl)-6-(2,4- 
dichlorophenyl)pymnidine OE^efeience Example 8 , 37 mg, 0.09 mmol) with ethylmagnesium 
chloride by the general piocedure described in Reference Examples 8 and 9. Workup and flash 
column chromatography on silica gel (eluted with 80/20 hexanes/ethyl acetate) affords title 
compound. 

EXAMPLE 25 




2>4-Bis(cvanoV5-(4-chlorophenvD-6-(2.4-dichloroohenvDP YriTnMiiie. 

The title compound was obtained by treating 2,4-bis(methylsulfonyl)-5-[4-chlorophenyl]-6-[2, 4- 

dichlorpphenyllpyrimidine (Reference Example 5, 100 mg, 0.19 mmol) by the same general 

procedure described in Example 9, Step A. Workup and flash colimm chromatography on silica 
gel (eluted with 85:15 hexanes:ethyl acetate) afforded the desired product HPLC Rt = 4.16 min; 

IH-NMR 500 MHz (CDCI3): 5 7.20 (d, J= 8 Hz, IH), 7.22 (d, J= 8 Hz, 2H), 7.37 (dd, J=20 Hz. 
J=2Hz, IH), 7.41 (m,3H). 



EXAMPUB26 
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2-^3.4-Difluoiophenoxv'>-4-methvl-5-(4-cMCTOPhenvD-6-(2>4-dichlorophenv l)p 
The title compound was obtained by treating 2-metfaylsulfonyl-4-methyl-5-(4-chlorophenyl)-6- 
(2,4-clichloiophenyl)pyiimidine (Reference Example 8 , 34 mg, 0.08 mmol) by the same general 
S procedure described in Referrace Examples 8 and 9. Workiq> and flash column chromatography 
on silica gel (eluted with 80/20 hexanes/ethyl acetate) afforded the desired product. HPLCVMS: 
m/e- 478 (M*) 



EXAMPLE 27 



10 





15 



2-Ethvl 4-(3,4-Htfliif>mphenoxvV5-f4-chlorophenvlV6-(2.4-dichlorophenv 1) pyrimidine 

The title compound was obtained by treating 2-methylsulfonyl -4-(3,4-difluorophenoxy)-5-(4- 

chlorophenyl)-6-(2,4-dichlorophenyl)pyrimidine_(Bxample 20, 107 mg, 0.2 mmol) by the same 

general procedure described in Reference Examples 8 and 9 but substituting ethyl magnesium 

bromide for methyl magnesium bromide. Workup and flash column chromatography on silica 

gel (eluted with 85/15 hexanes/ethyl acetate) afforded the desired product. HPLC/MS: m/e- 49: 
(NT+I); Rt = 4.90 min. iH-NMR 500 MHz (CDCI3): 8 1.31 (t, J=8 Hz, 3H), 2.91 (q, J= 8 Hz, 

2H), 6.95 (m, IH), 7.12 (m, 4H), 7.19 (d. J=8 Hz, IH). 7.20-7.30 (m, 3H), 7.38 (d, J=2 Hz, IH). 



20 



EXAMPLE 28 
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of 2-(3-pyridyloxy)-4-inethoxy-5-(4-chloiophenyl)-6-(2,4-dicWorophenyl)py^^ and 2- 

methoxy-4-(3-pyridyloxy)-5-(4-chlorophenyl)-6-(2,4-dicMorophenyl)pyriim which was 

s^arated by flash column chromatography on silica gel. 2-(3-pyridyloxy)-4-methoxy-5-(4- 
chlorophenyl)-6-(2,4-dichloiophenyl)pyrimidine (HRf): HPLOMS: m/e - 458 (M*^+l); Rt = 

5 3.49 min. iH-NMR 400 MHz (CDCls): 5 3.95 (s, 3H), 7.00-7.06 (m, 3H), 7.13-7.15 (m, IH), 

7.22-730 (m, 3H), 7.37-7.40 (m, IH), 7.67-7.70 (m, IH), 8.48-8.50 (m, IH), 8.67 (d, J = 3 Hz, 
IH); 2-methoxy-4-(3-pyridyloxy)-5-(4-chlorophenyl)-6-(2,4-dichlarophenyl)pyrimidine (LRf): 
HPLC/MS: 7w/e = 458 (M*+l); Rt = 3.63 min. iH-NMR 400 MHz (CDQa): 8 3.90 (s, 3H), 

7.15-7.28 (m, 6H), 7.35-7.40 (m, 2H), 7.56-7.59 (m, IH), 8.51-8.53 (m, 2H). 

10 

EXAMPLE 119 




F 



2-Methoxv-4-(4-fluorophenvloxvV5-f4-cMorophenvlV^<'2.4-dicMoT ^ph?I^Yl>pY""^^^'"^ 
A mixture of 2-(methylsulfonyl)-4-methoxy-5-(4-chlorophenyl)-6-(2,4-dichlorophenyl)- 
15 pyrimidine and 2-methoxy-4-(methylsulfonyl)-5-(4-chloro-phenyl)-6-(2,4-dichlorophenyl> 
pyiimidine (Example 113) was reacted with 1.1 equivalents each of n-butyl lithium and 4- 
fluoiophraol by the procedure desaibed in Reference Example 6 and 7 to afford a mixture of 2- 
(4-fluorophaiyloxy)-4-meflioxy-5-(4-chlorophenyl)-6-(2,4-dichlorophenyl)and2-methoxy-4-(4- 
fluorophenyloxy)-5-(4-chloiophenyl)-6-(2,4-dichlorophenyl)pyiimidine which was separated by 

20 flash column chromatogrs^hy on silica gel. Only the LRf was characterized. 

2-methoxy-4-(4-fluorophenyloxy)-5-(4-chlorophenyl)-6-(2,4-dichlorophenyl) pyrimidine (LRf): 
HPLC/MS: in/e = 475 (M^+1); Rt = 4.61 min. iH-NMR 400 MHz (CDQa): 3.89 (s. 3H), 6.75- 

6.79 (m, 2H), 6.91-6.96 (m, 2H), 7.10-7.34 (m, 7H). 
25 EXAMPLE 120 



-146- 



wo 2004/029204 



PCT/US2003/030161 




F 



2-Mfitfaoxv-4-(3.5-^norophenvloxvV5-f4K;Morophenvn--6-(2.4-dicMorophe^ Y^>^ 

A mixtuie of 2-(methylsulfonyl)-4-methoxy-5-(4-cM<mq)henyl)-6-(2,4HtocUoroph^ 
5 pyrimidine and 2-ine&oxy-4-(methyl8ulf onyl>5-<4-chloro-phenyl)-6-(2,4-dicWo^ 

pyiimidine (B^^ample 113) was reacted with 1.1 equivalents each of n-butyl lithium and 3,5- 
difluoiophenol by the procedure described in Reference Example 6 and 7 to afford a mixtuie of 
2-(3,5-difluorophenyloxy)-4-niethoxy-5-(4-cMQrophenyl)-6-(2,4-dicWQrophenyl)pyriniidi^ 
2-methoxy-4-(3,5-difluorophenyloxy)-5-(4-cWorophenyl)-6-(2,4-dicMorophaiyl)pyrimidine 
10 which was separated by flash column chromatography on silca gel. Only the LRf was 
characterized: 2-metiioxy-4-(3,5-difluorophenyloxy>5-(4-chlorophenyl)-6-(2,4- 
dichlorophenyl)pyrimidine (LRf): HPLC/MS: m/e - 493 (M*+l); Rt = 4.77 min. iH-NMR 400 
MHz (CDCI3): 6 3.94 (s, 3H), 6.33-6.42 (m, 3H), 6.70-6.80 (m, 2H), 7.12-7.28 (m, 5H), 7.34 (d, 

J = 2Hz,lH). 

15 

EXAMPLE 121 




2-Methoxv-4-G-cvanophenvloxvV5-(4-chlorophenvlV6-(2.4-dichloropheD yI) py" ""i 
A mixture of 2-(methylsulfonyl)-4-methoxy-5-(4-chlorophenyl>6-(2,4- 
20 dichlorophenyl)pyrimidine and 2-methoxy-4-(methylsulfonyl>5-(4-chlorophaiyl)-6-(2,4- 
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dichloiophenyl)pyiiinidine (Example 113) was reacted with 1.1 equivalents each of n-butyl 
lithium and S-cyanoph^ol by the procedure described in Reference Example 6 and 7 to afford a 
mixture of 2-(3-cyanophenyloxy)-4-methoxy-5-(4-chloK>phenyl)-6-(2,4- 
dichlorophenyl)pyiimidine and 2-methoxy-4-(3-cyano-phenyloxy)-5-(4-chlorophenyl)-6-(2,4- 
S dichlorophenyl)pyrimidine which was separated by flash column chromatogr^hy on silca gel. 
Only the LRf was characterized: 2-methoxy-4-(3-cyanophenyloxy)-5-(4-chlorophenyl)-6-(2,4- 
dichlorophenyl)pyrimidine (LElf): HPLCTMS: m/e - 482 (M*+l); Rt = 4.45 min. iH-NMR 400 
MHz (CDCI3): 5 3.93 (s, 3H), 7.09-7.20 (m, 3H), 7.22-7.35 (m, 4H), 7.38-7.40 (m, 2H), 7.45- 

7.60 (m, 2H). 

10 

EXAMPLE 122 




2-(3,4-Difluorobenzyloxy)-4-medioxy-5- 2-Methoxy-4-(3,4- 

(4-chlorophenyl)-6-(2,4- difluarobenzyloxy)-5-(4- 

dichloropheT iYl>pY""''<^'" e flHRf) chlorophenyl)-6-(2,4- 

dichlarop^ ^y^)pyiriP'dine HJ^fi 

A mixture of 2-(methylsulf onyl)-4-methoxy-5-(4-chlorophenyl)-6-(2,4-dichlorophenyl)- 
pyrimidine and 2-methoxy-4-(methylsulfonyl)-5-(4-chlorophenyl)-6-(2,4-dichlorophenyl)- 

15 pyrimidine OExample 1 13) was reacted with 1.1 equivalents each of n-butyl lithium and 3,4- 
difluorobenzyl alcohol by die procedure described in Reference Example 6 and 7 to afford a 
mixture of 2-(3,4-difluorobenzyl-oxy)-4-methoxy-5-(4-chlon)phenyl)-6-(2,4- 
dichlorophenyl)pyriinidine and 2-methoxy-4-(3,4-difluorobenzyloxy)-5-(4-chlorophenyl)-6-(2,4- 
dichlorophenyl) pyrimidine which was separated by flash column chromatography on silca gel. 

20 2-(3,4-difluorobenzyloxy)-4-methoxy-5-(4-chlorophenyl)-6-(2,4-dichlorophenyl) pyrimidine 
(HRf): HPLC/MS: m/e = 507 (M*+l). iH-NMR 400 MHz (03X33): 8 4.00 (s. 3H), 5.44 (s, 2H), 

7.02-7.15 (m, 4H), 7.15-7.25 (m. 5H), 7.35 (d, J = 2 Hz, IH). 2-methoxy-4-(3,4- 
difluorobenzyloxy>5-(4-chlQrophenyl)-6-(2,4-dichlorophenyl)pyrimidine (LRf): HPLC/MS: mJe 
= 507 (M^+1). IH-NMR 500 MHz (CDQa): 5 4.15 (s, 3H), 5.45 (s, 2H), 7.02-7.22 (m, 9H), 

25 7.35 (d, J = 2 Hz, IH). 
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EXAMPLE 123 




2-(Methylsu]fonyl)-4-ethoxy-5-(4- 2-Ethoxy-4-(niethylsulfonyl)-5-(4- 
chlorophenyl)-6-(2,4- chlorophenyl)-6-(2,4- 
dichloroDhenviyvrimidiDe (LRf) dicMoroohenvl Vvrimidine (HRf) 
2,4-bis(methylsulfonyl)-5-[4-cMOTophenyl]-6-[2, 4-dichlarophenyl] pyiimidine (Reference 

5 Example 5) (100 mg, 0.2 mmol) was reacted with 1.5 equivalents of sodium hydride (60% in oil, 
12.2 mg, 0.31 mmol) and 1.0 equivalent of ethanol (9.4 mg, 0.204 mmol) by the procedure 
described in Example 16 to afford a mixture of 2-(methylsulfonyl)-4-eflioxy-5-(4-chlorophenyl)- 
6-(2,4-dichlorophenyl) pyiimidine and 2-ethoxy-4-(methylsulfonyl)-5-(4-chlorophenyl)-6-(2,4- 
dichloro-phenyl)pyrimidine which was separated by flash column chiomatogr^hy on silca gel. 

10 2-^oxy-4-(methyl8ulfonyl)-5-(4-chlorophenyl)-6-(2,4-dichlorophenyl)pyriimdine (HRf): 

HPLC/MS: m/e = 457 (Nf+l); Rt = 4.00 min. iH-NMR 400 MHz (CDQs): 5 1.55 (t, 3H), 3.38 

(s, 3H). 4.5S4.58 (dd, J = 9 Hz, J = 7 Hz, 2H), 6.95 (d. J = 9 Hz, IH), 7.15-7.19 (m, 2H), 7.25- 
7.29 (m, 3H), 7.35 (d, J = 2 Hz, IH). 2-(methyl-sulfonyl)-4^thoxy-5-(4-chlorophenyl)-6-(2,4- 
dichlorophenyl)pyrimidine QJRf): HPLC/MS: m/e = 457 (M^+1); Rt = 3.84 min. iH-NMR 400 
15 MHz (CDCI3): 6 1.40 (t, 3H), 3.40(s, 3H), 4.60-4.69 (dd, J = 9 Hz, J = 7 Hz. 2H), 7.15-7.26 (m, 

6H). 7.35 (d. J = 2 Hz, IH). 



EXAMPLE 124 
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2-(3.4-DifliK>robenzvloxv^-4-e1faoxv-5-(4-cMorophenvlV6-f2.4-dicmoix ^ph^«Y^>p^ 

2-<Methylsulfonyl)-4-ethoxy-5K4-cMorophenyl)-6-(2,4-dicUoro^ pyrimidine (LRf from 

Exanq>le 123) was reacted with 2 equivalents each of sodium hydnde and 3,4-difiuoiobenzyl 

alcohol by the procedure described in Example 16 to afford the title compound: HPLC/MS: m/e 
5 = 521 (MT+I); Rt = 4.90 min. iH-NMR 400 MHz (CDas): 8 1.35 (t, 3H), 4.45-4.55 (dd, J = 9 

Hz, J = 7 Hz, 2H), 5.20 (s. 2H). 7.02-7.21 (m, 9H). 7.35 (d, J = 2 Hz, IH). 

EXAMPLE 125 




F 



10 2-Ethoxv-4-f3.4-difluorophenvloxvV5-(4-cMorophenvn-6-(2.4-dicMoroph ftTiy1)pY""iirfiTift 

2-Ethoxy-4-(methylsulfonyl>5-(4-cWorophenyl)-6-(2,4-dichloro-phenyl)pyrimidine (HElf from 

Example 123) was reacted with 2 equivalents each of sodium hydride and 3,4-difluorobenzyl 

alcohol by the procedure described in Example 16 to afford the title compound: HPLC/MS: m/e 
= 498 (M'+l); Rt = 4.30 min. iH-NMR 400 MHz (0X33): 8 1.45 (t. 3H), 4.45-4.55 (dd, J = 9 

15 Hz, J = 7 Hz, 2H), 5.22 (s, 2H), 7.01-7 Jtl (m, 9H), 7.35 (d, J = 2 Hz, IH). 



EXAMPLE 126 




2-^ethylsulfonyl)-4-Isopropyloxy-5-(4- 2-Isopropyloxy-4-(methylsulfonyl> 
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chlorophenyl)-6-(2,4- 5-(4-chlQrophenyl)-6-(2,4- 
dichlorophenvl^pyiimidine CLRf) dichlorophen Yl)pyriniidine (HRfi 

2,4-bis(inethylsulfonyl>5-[4K;hlatophenyl]-6-[2, 4-dichlaiophenyl] pyrimidine (Refeirace 
Example 5) (100 mg, 0.2 mmol) was leacted with 1.1 equivalents of isopropanol and 1.5 
equivalents of sodium hydiide by the proceduce desoibed in Example 16 to afford a mixture of 
24sopropoxy4-(methylsulfonyl)-5K4-chloi»phenyl)-6-(2,4-dicblorophenyl)pyi^ and 2- 
5 (methylsulfonyl)-44sopropoxy-5-(4-cUorophenyl)-6-(2,4-dicMorophenyl)^ which was 

separated by flash column chiomatognq)hy on silca gel. 2-isopropoxy-4-(metiiylsulfonyl)-5-(4- 
chlorophenyl)-6-(2,4-dichloiophenyl)pyrimidine (HRf): iH-NMR 400 MHz (CDCI3): 5 1.50 (d, 

J = 8 Hz, 6H), 3.38 (s. 3H), 5.35-5.40 (m, IH). 6.95 (d, J = 9 Hz, IH). 7.17-7.19 (m, 3H). 7.25- 

7.29 (m, 2H), 7.35 (d, J = 2 Hz, IH); 
10 2-(methylsulfonyl)-4-isopropoxy-5-(4-chloiophenyl)-€-(2,4-dichlorophenyl) pyrimidine (LEif): 
IH-NMR 400 MHz (CDCla): 5 1.40 (d, J = 8 Hz, 6H), 3.39(s, 3H), 5.59-5.67 (m, IH), 7.15-7.26 

(m, 6H), 7.35 (d, J = 2 Hz, IH). 



EXAMPLE 127 



15 




2-(Methylsulfonyl)-4-isopropyloxy-5-(4-chlorophenyl)-6-(2,4-dicUorophenyl)pyrimidine(IJ^ 
from Example 126) was reacted with 2 equivalents each of sodium hydride and 3,4- 
difluorobenzyl alcohol by the procedure described in Example 16 to afford the title compound: 
20 HPLCVMS: m/e = 535 (M^+1); Rt = 4.99 min. iH-NMR 500 MHz (CDaa): 6 1.45 (d, J = 8 Hz, 

6H), 5.28-5.35 (m, IH), 5.22 (s, 2H). 7.02-7.21 (m. 9H), 7.35 (d, J =2 Hz, IH). 

EXAMPLE 128 
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F 



2-IsQpropvloyV-4-n4-aifliinTOphenvloxvV5-(4-cMoiophenvlV6-(2.4-^cMor nphft^^^ 
2-Isopropyloxy-4-(methylsulfonyl)-5-(4<hlorophenyl)-^(2,4-dicMorophenyl)py^^ 
from Example 126) was reacted with 2 equivalrats each of sodium hydride and 3,4- 
difluorobenzyl alcohol by the procedure described in Example 16 to afford the title compound: 
HPLC/MS: m/e = 535 (Nf+1); Rt = 5.04 min. iR-NMR 400 MHz (CDCI3): 8 1.32 (d, J = 4 Hz, 

6H), 5.20 (s, 2H), 5.25-5.50 (m, IH), 7.01-7.11 (m, 4H), 7.17-7.21 (m, 5H), 7.35 (d, J = 2 Hz, 
IH). 



EXAMPLE 129 




2-G.4-Difluorobepzvloxv'>-4-pvrrohdinvl-5-(4-chlorophenvlV6-f2.4-dicMoro ptiCTY^Vy"Tn 
2-(3,4-Difluorobaizyloxy)-4-(methylsulfonyl)-5-(4-cMorophenyl)-6-(2,4-dichlarophenyl> 
pyrimidine (Reference Example 7) (30 mg, 0.05 mmol) was reacted with pyrrolidine (37.7 mg, 
0.53 mmol) by the same general procedure described in Example 103 to afford tiie title 
compound after flash column chromatography on silica gel (eluted with 90/10 hexanes/ethyl 
acetate): HPLC/MS: m/e = 546 (M^+1); Rt = 3.70 min. iH-NMR 400 MHz (CDCI3): 6 1.75- 

1.80 (br, 4H), 3.10-3.20 (br, 4H), 5.32-5.42 (m, 2H), 6.95 (d, J = 9 Hz, IH), 7.05-7.21 (m, 8H), 
7.35-7.40 (m, IH). 
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EXAMPLE 130 




2-f3.4-DmuorobenzvloKvV4-diethYlamiTin-*;-f4-chlorophenvlV 6-(2.4-dichl<m^^ 
5 2-(3,4-Difluorobenzyloxy)-4-(iiiethylsiilfonyl>5-(4-chloiophenyl)-6-(^^ 

pyiimidine OReference Exani|>le 7) (29 mg, 0.05 mmol) was reacted with diethylamine (38.0 mg, 
0.52 mmol) by the same general procedure described in Example 103 to afford the title 
compoimd: HPLC/MS: m/e = 548 (bt+l); Rt = 3.84 min. iH-NMR 400 MHz (CDCI3): 5 0.96- 

1.00 (m, 6H), 3.20-3.30 (m, 4H). 5.30-5.40 (m. 2H), 6.90 (d, J = 9 Hz, IH), 7.01-7.21 (m. 8H). 
10 7.35-7.40 (m, IH). 



EXAMPLE 131 




2-(3,4-Difluorobenzyloxy)-4-dimethylamino-5-(4-chloroph«iyl)-6-(2,4- 

15 dichloroph ftTiYl)pY""^^diTie 

2-(3,4-Muorobenzyloxy)-4-(methylsulfonyl>5-(4-chlarophenyl)-6-(2,4-dichlorophenyl)- 

pyrimidine (Reference Example 7) (29 mg, 0.05 nmiol) was reacted with 2 equivalents of 
dimethylamine by the same general procedure desodbed in Example 103 to afford the title 
compound: HPLC/MS: m/e - 520 Q/t+l); Rt = 3.68 min. iH-NMR 400 MHz (€©03): 8 2.80 

20 (s, 6H), 5.28-5.42 (m, 2H). 6.90 (d, J = 9 Hz, IH). 7.01-7.21 (m, 8H), 7.35-7.40 (m, IH). 

EXAMPLE 132 
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243.4-DifluQrophenoxv')^methoxv-S-f4-fluoroDhenvn-6-r2.4-<HcM(m)ph ftnYl1pY" 

To a 5 mL round bottom flask fitted with a stir bar and septum was added 2-(3,4- 
difluoiophenoxy)-4-methoxy-5-trifluorQmethansulfonyl-6-[2, 4-dichlorophenyl]pytimidine (85 
mg, 0.16 mmol) as described in Reference Example 17, anhydrous potassium carbonate (66 mg, 
0.48 mmol) and 4-fiu(nobenzenebQrQnic add (44 mg, 0.32 nmnol) in 1 mL 80/20 
toluene/edianol. The mixture was degassed under nitrogen with three fi^eze-thaw cycles and 
tetrakis(triphenylphosphine) palladium (27 mg, 0.024 mmol) was added to the reaction mixture 
and the mixture was heated between 75-90° C for 4 h. The solvent was removed under reduced 
pressure and the residue flash chromatograqphed with 95/5 hexane/ethyl acetate to recover the 
desired product HPLCVMS: m/e - All (Nf-l); Rt = 4.54 min. iH-NMR 500 MSz (CDCI3): 8 

3.97 (s, 3H), 6.96 (m, 2H), l.OX-1.20 (m, 7H), 7.33 (d, J=2.Hz, IH). 



EXAMPLE 133 




2-(3.4-DifluoroDhenoxv^-4-methoxv-5-f4-methoxvDheTivn-6-r2.4 -dichloropheTiYnpyriniidine 

This derivative was prepared by the method described in Example 132 using 2-(3,4- 
difluorophenoxy)-4-methoxy-5-trifluaromethansulfonyl-6-(2, 4-dichlorophenyl]pyrimidine (54 

mg, 0.1 mmol) as described in Reference Example 17 and 4-methoxy-benzeneboionic acid 
(Lancaster, 16 mg, 0.1 1 mmol). HPLC/MS: m/e = 488 (WT-l); Rt = 4.62 min. iH-NMR 500 
MHz (CDCI3): 8 3.86 (s. 3H), 4.09 (s. 3H). 6.66 (m, IH). 6.78 (m. IH), 6.87 ( dd. J=6 Hz. J=2 

Hz. 2H), 7.08 (dd over m, J=6 Hz, J=2 Hz. 3H), 7.40 (d, J=l Hz, 2H), 7.45 (d. 1=2 Hz, IH). 
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EXAMPLE 134 




5 2-(3,4-Difluorophenoxy)-4-inethoxy-S-(4-tiifluorome%lp^ 4- 

This derivative was prepared by the method described in Example 132 using 2-(3,4- 
difluorophenoxy>4-methoxy-5-tiifluoromethansulfonyl-6-[2, 4-dichlorophenyl]pyiimidine (60 
mg, 0.11 mmol) as described in Reference Example 17 and 4-trifluoromethylbenzeneboronic 
10 acid (Lancaster, 24 mg, 0.13 mmofflPLC Rt = 4.76 min. iH-NMR 500 MHz (CDCI3): 4.13 (s, 

3H), 6.55 (m, IH). 6.68 (m, IH), 7.07 ( q, J=10 Hz,lH), 7.28 (m, 3H), (7.50 m, 3H). 7.61 (d, 
1=10 Hz, 2H). 

EXAMPLE 135 

15 




2-f34-DifluorophenoxvM-methoxv-5-f3-chloioph envn-6-r2.4-dichloiODhenvl1PViimidine 

This derivative was prepared by the method described in Example 132 using 2-(3,4- 
difluorophOTOxy)-4-methoxy-5-ttifluoromethansulfonyl-6-[2, 4-dichlarophenyl]pyrimidine (27 

20 mg, 0.05 mmol) as described in Reference Example 17 and 3-chlorobenzeneboronic acid 

(Lancaster, 16 mg, 0.1 mmol). HPLC Rt = 4.82 min. iH-NMR 500 MHz (CDCI3): 3.88 (s, 3H), 
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6.45 (d, J=8 Hz, IH), 6.51 (s, IH), 6.67 (d, J=8 Hz, IH), 6.71 (s, IH), 6.95 (m, IH). 7.05 ( t, J=9 
Hz, IH), 7.8 (m, 2H), (7.39 s, 2H). 

EXAMPLE 136 




2-^3.4-Dmuorophenoxv^-4-methoxv-5-(3-methoxvphenvn-6-r 2.4-^cMorophenvnpv^ 

TMs dedvadve was prepared by the method described in Example 132 using 2-(3,4- 
10 diflucm)phenoxy)-4-methoxy-5-trifluoromethansulfonyl-6-[2, 4-dichlQrophenyl]pyrimidine (53 

mg, 0.1 mmol) as described in Reference Example 17 and 3-methoxybenzeneboromc acid 
(Lancaster, 16 mg, 0.1 mmol). HPLC Rt = 4.63 min. iR-NMR 500 MHz (CDCI3): 3.77 (s, 3H), 

4.12 (s, 3H), 6.51 (m, IH), 6.72 (m , 2H), 6.75 (m, IH), 6.90 (dd, J=8 Hz, J-2 Hz, IH), 7.07 (q. 
J=9 Hz, IH), 7.25 (t, J=4 Hz, IH), 7.43 (d, J=2 Hz, 2H), 7.49 (d, J=2 Hz, IH). 

15 

EXAMPLES 
rannahinnid Receptor-1 (CBl) Binding Assay. 

Binding affinity determination is based on recombinant human CBl receptor 
expressed in Chinese Hamster Ovary (CHO) cells (Fdder et al, Mol. Pharmacol. 48: 443-450, 
20 1995). Total assay volume is 250 (il (240 |j1 CBl receptor membrane solution plus 5 jil test 
compound solution plus 5 yH [3H1CP-55940 solution). Final concentration of [3H]CP-55940 is 
0.6 nM. Binding bufifer contains 50mM Tris-HQ, pH7.4, 2.5 mM EDTA, 5mM Mga2, 

0.5mg/mL fatty acid free bovine serum albumin and protease inhibitors (CatifP8340, ftom 
Sigma). To initiate the binding reaction, 5 fil of radioligand solution is added, the mixture is 
25 incubated with gentle shaking on a shakor for 1.5 hours at 30°C. The binding is terminated by 
using 96-well harvester and filtering through GF/C filter presoaked in 0.05% polyethylenimine. 
Hie bound ladiolabel is quantitated using scintillation counter. Apparent binding affinities for 
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various compounds are calculated from IC50 values (DeBlasi et al,, Trends Phamiacol Sci 10: 
227-229, 1989). 

The binding assay for CB2 receptor is done similarly with recombinant human CB2 receptor 
expressed in CHO cells. 

EXAMPLE 138 
Cannabinoid Receptor-l (CBl^ Functi onal^Activitv Assav. 

The functional activation of CBl receptor is based on recombinant human CBl 
receptor expressed in CHO cells (Felder et al, Mol. Pharmacol. 48: 443-450, 1995). To 
determine the agonist activity or inverse agonist activity of any test compound, 50 ill of CBl- 
CHO cell suspension are mixed with test compound and 70 ul assay buffer containing 0.34 mM 
3-isobutyH-methylxanthine and 5.1 uM of forskolin in 96-well plates. The assay bujtfer is 
comprised of Earle's Balanced Salt Solution supplemented with 5 mM MgCl2. 1 tcM glutamine, 

10 mM HEPES, and 1 mg/mL bovine serum albumin. The mixture is incubated at room 
temperature for 30 minutes, and terminated by adding 30ul/well of 0.5M HCl. The total 
intracellular c AMP level is quantitated using the New Bigland Nuclear Hashplate and cAMP 

radioimmunoassay kit. 

To determine the antagonist activity of test compound, the reaction mixture also 
contains 0.5 nM of the agonist CP55940, and the reversal of the CP55940 effect is quantitated. 
Alternatively, a series of dose response curves for CP55940 is performed with mcreasing 
concentration of the test compound in each of the dose response curves. 

The functional assay for the C3B2 receptor is done similarly with recombinant 
human CB2 receptor expressed in CHO cells. 

While the invention has been described and illustrated with reference to certain 
particular embodiments tiiereof , those skilled in tiie art will appreciate that various changes, 
modifications and substitutions can be made therein without departing from the spirit and scope 
of the invention. For example, effective dosages other than the particular dosages as set forth 
herein above may be applicable as a consequence of variations in the responsiveness of the 
maniTTifll being treated for any of the indications for the compounds of the invention indicated 
above, likewise, the specific pharmacological responses observed may vary according to and 
depending upon the particular active compound selected or whether there are present 
pharmaceutical carriers, as well as the type of formulation and mode of administration employed, 
and such expected variations or differences in the results are contemplated in accordance with 
the objects and practices of the present invention. It is intended, therefore, that the invention be 
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defined by the scope of the claims which follow and that such claims be intetpieted as broadly 
is reasonable. 
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WHAT IS CLAIMED B: 

1 . A compoimd of structural formula L 




(D 

or a phaimaceutically acceptable salt thereof, wherein: 
r1 is selected from: 

(1) hydrogen, 

(2) Ci-ioalkyl, 

(3) -ORa, 

(4) -NRaRb, 

(5) -NRbC(0)Ra, 

(6) -C02Ra, 

(7) -C(0)NRaRb, 

(8) cyano, 

(9) -SRb, and 

(10) -S02Rb; 

r2 is selected £rom: 

(1) hydrogen, 

(2) Ci-ioalkyl, 

(3) -ORa, 

(4) -NRaRb, 

(5) -NRaC(0)Rb, 

(6) -C02Ra, 

(7) -C(0)NRaRb, 

(8) cyano, 

(9) -SRa, and 

(10) -S02Ra; 

R3 is selected from: 
(1) aryl, and 
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(2) heteroaryl, 

wherein each aryl and heteroaryl is optionally substituted with one to four substituents 
independently selected from Rg; 
r4 is selected from: 

(1) aryl, and 

(2) heteroaryl, 

wherein each aryl and heteroaryl is optionally substituted with one to four substituents 
independently selected from Rg; 
each R^ is independently selected from: 

(1) hydrogen, 

(2) CMOalkyl, 

(3) C2-10alkenyl, 

(4) cycloalkyl, 

(5) cycloalkyl-Ci-ioalkyl; 

(6) cycloheteroalkyl, 

(7) cycloheteroalkyl-Ci-io alkyl; 

(8) aryl, 

(9) heteroaryl, 

(10) aryl-Ci-ioalkyl, and 

(11) heteroaryl-Ci-ioalkyl; and 

each R^ is independently selected from: 

(1) hydrogen, 

(2) CMOalkyl, 

(3) C2-10alkenyl, 

(4) cycloalkyl, 

(5) cycloalkyl-Ci-ioalkyl; 

(6) cycloheteroalkyl, 

(7) cycloheteroalkyl-Ci-io alkyl; 

(8) aryl, 

(9) heteroaryl, 

(10) aryl-Ci-ioalkyl, and 

(1 1) heteroaryl-Ci-ioalkyl, or 

Ra and Rb together with the nitrogpn atom to which they are attached form a bridged or 
unbridged heterocyclic ring of 4 to 7 members containing 0-2 additional het^atoms 
independently selected from oxygen, sulfur and N-Rd 
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each Ra and Rb may be unsubstituted or substituted with one to three substituents selected from 
RC; 

each R^ is independently selected from: 

(I) Ci-ioalkyl. 

5 (2) -ORd, 

(3) -NReS(0)mR<^. 

(4) halogen, 

(5) -SRd, 

(6) -S(0)inNRdRe, 

10 (7) -NRdRe, 

(8) -C(0)Rd 

(9) -C02Rd. 

(10) -€N, 

(II) -C(0)NRdRe, 
15 (12) -NReC(0)Rd, 

(13) -NReC(0)ORde, 

(14) -NRec(0)NRdRe, 

(15) -CF3. 

(16) -OC3P3, 

20 (17) cycloheteroalkyl, 

(18) aryl, 

(19) arylCi^!M»lkyl. 

(20) heteroaiyl, and 

I 

(21) heteroarylCi4alkyl; 

25 Rd and R® are independently selected from: 

(1) hydrogen, 

(2) Ci-ioalkyl, 

(3) C2-10 alkenyl, 

(4) cycloalkyl, 

30 (5) cyclcalkyl-Cl-loalkyl; 

(6) cycldieteroalkyl, 

(7) cycloheteroalkyl-Ci-lOalkyl; 

(8) aryl. 

(9) heteroaryl, 

35 (10) aryl-Ci-ioalkyl, and 
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(1 1) heteroaryl-Ci-ioalkyl, or 
Rd and together with the nitrogen atom to which they are attached form a bridged or 
unbridged heterocyclic ring of 4 to 7 members containing 0-2 additional heteroatoms 
independently selected from oxygen, sulfur and N-R^ , 

each Rd and Re may be unsubstituted or substituted with one to three substituents selected from 

Rf; 

is independently selected from: 

(1) halogen, 

(2) Ci-ioalkyl. 

(3) -0-Ci-4alkyl, 

(4) -S-Ci.4alkyl, 

(5) -CN, 

(6) -CF3, and 

(7) -OOFs; 

each Rg is independently selected firom: 

(1) halogen, 

(2) Ci-ioalkyl, 

(3) -0-Ci.4alkyl, 

(4) -^-Ci.4alkyl, 

(5) -CN, 

(6) -CF3, and 

(7) -0CaF3; and 

m is selected from 1 and 2. 

2. Tb& compound according to Claim 1, wherein: R3 and R^ are each 

* 

independently selected from: 

(1) phenyl. 

(2) pyridyl, 

wherein each phenyl and pyridyl is optionally substituted with one to three substituents 

independently selected from RS; 

and pharmaceutically acceptable salts thereof. 

3 . The compound according to Claim 1 , wherein R3 and r4 are each 
independently selected from: 
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(1) 



10 




(3) 



R^, and 



(4) 




and phaimaceutically acceptable salts theieof . 



4. The compound according to Claim 1 , wherein: 

r1 is selected from: 

(1) Ci-6alkyl, 

(2) -OH, 

15 (3) -0Ci-6alkyl, unsubstituted or substituted with one to three Rc substituents, 

(4) cycloalkyloxy-, unsubstituted or substituted with one to three R<^ substituents, 

(5) cycloallcyl-Ci-4alkyloxy-, unsubstituted or substituted with one to three Rc 

substituents, 

(6) cycloheteroalkyloxy-, unsubstituted or substituted with one to three Rc 

20 substituents, 

(7) cycloheteroalkyl-Ci-4 alkyloxy, unsubstituted or substituted with one to three Rc 

substituents, 

(8) phenyloxy, unsubstituted or substituted with one to three Rc substituents, 

(9) heteroaryloxy, unsubstituted or substituted with one to three Rc substituents, 
25 (10) phenyl-Ci-4alkyloxy, unsubstituted or substituted with one to three Rc 

substituents, 

(1 1) heteroaryl-Ci^alkyloxy, unsubstituted or substituted with one to three Rc 
substituents, 
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(12) -NRaRb 

(13) -NRbC(0)Ra, 

(14) -CO2H, 

(15) Ci-6alkyloxycarbonyl-, unsubstituted or substituted with one to three Rc 
substituents, 

(16) cycloalkyloxycarbonyl-, unsubstituted or substituted with one to three Rc 
substituents, 

(17) cycloalkyl-Ci-4alkyloxycarbonyl-, unsubstituted or substituted with one to three 
Rc substituents, 

(18) phenyloxycarbonyl, unsubstituted or substituted with one to three Rc substituents, 

(19) heteroaryloxycarbonyl, unsubstituted or substituted with one to three Rc 
substituents, 

(20) phenyl-Ci-4alkyloxycarbonyl, unsubstituted or substituted with one to three Rc 
substituents, 

(21) heteroaryl-Ci-4alkyloxycarbonyl, unsubstituted or substituted with one to three 

RC substituents, 

(22) -C(0)NRaRb, 

(23) cyano, 

(24) -SCi-6alkyl, unsubstituted or substituted with one to three Rc substitu^ts, 

(25) -^02Ci-6alkyl, unsubstituted or substituted with one to three Rc substituents; 

and 

Ra and Rb are each selected from: 

(1) hydrogen, 

(2) Ci.6allQ^l. unsubstituted or substituted with one to three RCsubstituente^ 

(3) cycloalkyl, unsubstituted or substituted with one to three RC substituents, 

(4) cycloalkyl-Ci-4alkyl, unsubstituted or substituted with one to three Rc substituents, 

(5) phenyl, unsubstituted or substituted with one to three Rc substituents, 

(6) heteroaryl, unsubstituted or substituted with one to thiee Rc substituents, 

(7) phenyl-Ci.4alkyl, unsubstituted or substituted with one to three Rc substituents, or 

(8) heteroaryl-Ci.4alkyl, unsubstituted or substituted with one to three Rc substituents, 

or 

when bonded to nitrogen, Ra and Rb togeth^ with the nitrogen atom to which they are attached 
fomi a bridged or unbridged heterocyclic ring of 4 to 7 members containing 0-2 additional 
heteroatoms independently selected from oxygen, sulfur and N-Rd, unsubstituted or substituted 
on carbon with one to three RC substitutents; 
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and phannaceutically acceptable salts theieof . 

5. The compound according to Claim 4, wherein Rl is selected from: 

(1) Ci-6allcyl. 

(2) -OH, 

(3) -0Ci-6alkyl, unsubstituted or substituted with one to three Rc substituents, 

(4) C4-7cycloalkyloxy-, unsubstituted or substituted with one to two Rc substituents, 

(5) cycloalkyl-Ci-3alkyloxy-, unsubstituted or substituted with one to two Rc 

substituents, 

(6) phenyloxy, unsubstituted or substituted with one to two Rc substituents, 

(7) pyridyloxy, unsubstituted or substituted with one to two Rc substituents, 

(8) phenyl-Ci.3alkyloxy, unsubstituted or substituted with one to two Rc substituents, 

(9) pyridyl-Ci-3alkyloxy, unsubstituted or substituted with one to two Rc substituents, 

(10) -NRaRb wherein: 
R^ is selected from: 

(a) hydrogen, 

(b) Ci-6alkyl» unsubstituted or substituted with one to three Rc substituents, 

(c) cycloalkyl, unsubstituted or substituted with one to two Rc substituents, 

(d) cycloalkyl-Ci^alkyl, unsubstituted or substituted with one to two RC 

substituents, 

(e) phenyl, unsubstituted or substituted with one to two Rc substituents,. 

(f) heteroaryl, unsubstituted or substituted with one to two Rc substituents, 

(g) benzyl, unsubstituted or substituted with one to two Rc substituents, 
R^ is selected from: 

(a) hydrogen, 

(b) Ci-6alkyl, unsubstituted or substituted witii one to three Rc substituents, 
or 

Ra and Rb together with the nitrogen atom to which they are attached form a 
bridged or unbridged heterocyclic ring of 4 to 7 members containing 0-2 
additional heteroatoms indqpendenfly selected from oxygen, sulfur and N-Rd, 
unsubstituted or substituted on carbon with one to two Rc substitutents, 
(11) .NRbC(0)Ra, wherein: 
Rd is selected from: 

(a) hydrogen, 

(b) Ci-6alkyl, unsubstituted or substituted with one to three Rc substituents. 
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(c) cycloalkyl, unsubstitated or substituted with one to two Rc substituents, 

(d) cycloalkyl-Ci^alkyl, unsubstituted or substituted with one to two RC 

substituents, 

(e) phenyl, unsubstituted or substituted with one to two R<^ substituents, 

(f) pyridyl, unsubstituted or substituted with one to three Rc substituents, 

(g) benzyl, unsubstituted or substituted with one to two Rc substituents, 

(h) pyridylmethyl-, unsubstituted or substituted with one to three Rc 
substituents, 

R^ is selected from: 

(a) hydrogen, 

(b) Ci-ealkyl, unsubstituted or substituted with one to three Rc substituents, 

(12) -C02ft 

(13) Ci-6alkyloxycaibonyl-, unsubstituted or substituted with one to three Rc 

substituents, 

(14) -C(0)NRaRb. wherein: 
R^ is selected from: 

(a) hydrogen, 

(b) Ci..6allq^l, unsubstituted or substituted with one to three Rc substituents, 

R^ is selected from: 

(a) hydrogen, and 

(b) Ci-6alkyl, unsubstituted or substituted with one to three Rc substituents, 

(15) cyano 

(16) -SCi-6alkyl, unsubstituted or substituted with one to three Rc substituents, and 

(17) -S02Ci-6alkyl, unsubstituted or substituted with one to three Rc substituents; 

each BP is independently selected from: 

(1) Ci-salkyl, 

(2) hydroxy, 

(3) -0Ci.3allcyl, 

(4) halogen, 

(5) -SCH3, 

(6) -^H, 

(7) -NRdRe, 

(8) ^(0)Ci.3alkyl, 

(9) -C02Ci-3alkyl, 

(10) -CO2H, 
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(11) 


-CN, 


(12) 


-CF3. 


(13) 


-OCF3, 


(14) 


cycloheteroalkyl. 


(15) 


phenyl, 


(16) 


benzyl, and 


(17) 


pyridyl; 



and phannaceutically acceptable salts thereof. 

6. Hie compound according to Claim 4, wh^in R2 is selected from: 

(1) hydrogen, 

(2) Ci^alkyl, 

(3) -OH. 

(4) -0Ci-6aUcyl, unsubstituted or substituted with one to three Rc substituents, 

(5) cycloalkyloxy-, unsubstituted or substituted with one to three Rc substituents, 

(6) cycloalkyl-Ci-4alkyloxy-, unsubstituted or substituted with one to three RC 

substituents, 

(7) cycloheteroalkyloxy-, unsubstituted or substituted with one to three Rc 
substituents, 

(8) cycloheteroalkyl-Ci-4 alkyloxy, unsubstituted or substituted with one to three Rc 
substituents, 

(9) phenyloxy, unsubstituted or substituted with one to three Rc substituents, 

(10) heteroaryloxy, unsubstituted or substituted with one to three Rc substituents, 

(1 1) phenyl-C i-4alkyloxy, unsubstituted or substituted with one to three Rc 

substituents, 

(12) heteroaryl-Ci-4alkyloxy, unsubstituted or substituted with one to three Rc 

substituents, 

(13) -NRaRb, 

(14) -NRbC(0)Ra, 

(15) .CO2H, 

(16) Ci.6alkyloxycaibonyl", unsubstituted or substituted with one to three Rc 
substitu^ts, 

(17) cycloalkyloxycarbonyl-, unsubstituted or substituted with one to three Rc 
substituents. 
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(18) cycloalkyl-Ci-4alkyloxycarboiiyl-, unsubstituted or substituted with one to three 
Rc substituents, 

(19) phenyloxycarbonyl, unsubstituted or substituted with one to three Rc substituents, 

(20) heteroaryloxycarbonyl, unsubstituted or substituted with one to three Rc 
substituents, 

(21) phenyl-Ci-4aIkyloxycarbonyl, unsubstituted or substituted with one to three Rc 
substituents, 

(22) heteroaryl-Ci-4alkyloxycarbonyl, unsubstituted or substituted with one to three 

RC substituents, 

(23) -C(0)NRaRb, 

(24) cyano, 

(25) -SCi-6alkyl» unsubstituted or substituted with one to three Rc substituents, and 

(26) -^02Ci-6alkyl» unsubstituted or substituted with one to three Rc substituents, 
and pharmaceutically acceptable salts thereof. 

7. The compound according to Claim 1 , wherein: 
R2 is selected from: 

(1) hydrogen, 

(2) Ci-6alkyl, 

(3) -OH, 

(4) -0Ci-6alkyl, unsubstituted or substituted with one to three Rc substituents, 

(5) C4-7cycloalkyloxy-, unsubstituted or substituted with one to two Rc substituents, 

(6) C4-7cycloalkyl-Ci.3alkyloxy-, unsubstituted or substituted with one to two RC 

substituents, 

(7) phenyloxy, unsubstituted or substituted with one to two Rc substituents, 

(8) pyridyloxy, unsubstituted or substituted with one to two Rc substituents, 

(9) phenyl-Ci-3alkyloxy, unsubstituted or substituted with one to two Rc substituents, 

(10) pyridyl-Ci.3alkyloxy, unsubstituted or substituted with one to two Rc substituents, 

(11) -NRaRb, wherein: 
Ra is selected from: 

(a) hydrogen, 

(b) Ci-6alkyl, unsubstituted or substituted with one to three Rc substituents, 

(c) cycloalkyl, unsubstituted or substituted with one to two Rc substituents, 

(d) cycloalkyl-Ci-4alkyl, unsubstituted or substituted with one to two RC 

substituents. 
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(e) phenyl, unsubstituted or substituted with one to two substituents, 

(f) heteroaryl, unsubstituted or substituted with one to two Rc substituents, 

(g) benzyl, unsubstituted or substituted with one to two Rc substituents, 

Bp is selected from: 

5 (a) hydrogen, 

(b) Ci.6alkyl, unsubstituted or substituted with one to three Rc substituents, 

or 

R^ and Rb together with the nitrogen atom to which they are attached form a 
bridged or unbiidged heterocyclic ring of 4 to 7 members, unsubstituted or 
10 substituted on carbon with one to two Rc substitutents, 

(12) -NHC(0)Ra, wherein: 
R^ is selected from: 

(a) hydrogen, 

(b) Ci-6alkyl, unsubstituted or substituted with one to three Rc substituents, 

15 (c) cycloalkyl, unsubstituted or substituted with one to two R<^ substituents, 

(d) cycloalkyl-Ci.4alkyl, unsubstituted or substituted with one to two Rc 

substituents, 

(e) phenyl, unsubstituted or substituted with one to two Rc substituents, 

(f) pyridyl, unsubstituted or substituted with one to three Rc substituents, 
20 (g) benzyl, unsubstituted or substituted with one to two Rc substituents, 

Qa) pyridylmethyl-, unsubstituted or substituted with one to three Rc 
substituents, 

(13) cyano, and 

(14) -S02Ci-6alkyl, unsubstituted or substituted with one to three Rc substituents; 
25 and phaimaceutically acceptable salts thereof. 

8. The compound according to Claim 1 , wherein: 
R1 is selected from: 

(1) methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, isobutyl, terL-butyl, n-pentyl, 
30 or 2,2-dimethylpropyloxy, 

(2) -OH, 

(3) methoxy, ethyloxy, isopropyloxy, n-butyloxy, sec-butyloxy, isobutyloxy, tert.- 
butyloxy, n-pentyloxy, or 2,2-dimethylpropyloxy, unsubstituted or substituted 
with one to three halo, hydroxy, or methoxy substituents. 
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(4) cyclopiopyloxy, cyclobutyloxy, cyclopraityloxy, cyclohexyloxy, or 
cycloheptyloxy, 

(5) cyclopropylmethoxy, cyclobutylmethoxy, cyclopentylmethoxy, 
cyclohexylmethoxy, or cycloheptylmethoxy, 

(6) 4-fluorophenyloxy, 4-chlorophenyloxy, 4-methoxyphenyloxy, 3-fluorophenyloxy, 
3-chloiophenyloxy, 3,4-difluorophenyloxy, 3,4-dichlorophenyloxy, 3,5- 
difiuoiophrayloxy, 3,S-<iichlorophenyloxy or phenyloxy, 

(7) 4-pyridyloxy, 3-pyridyloxy, 2-pyiidyloxy, 6-chloro-3-pyridyloxy, or 5-chloro-3- 
pyridyloxy, 

(8) benzyloxy, 3-fluQrobenzyloxy, 3-chlorobeiizyloxy, 4-fluorobenzyloxy, 4- 
chlorobenzyloxy, 3,4-difluorob«izyloxy, 3,4-dichlorobenzyloxy, 3,5- 
difluoroboDizyloxy, 3,5-dichlorobenzyloxy, 2,4-fluorobenzyloxy, 2,4- 
dichlorobeozyloxy, alpha-methyl-4-fluorobenzyloxy, alpha-methyl-4- 
chlorobenzyloxy, alpha,alpha-dimethyl-4-fluorobenzyloxy, or alpha,alpha- 
dimBthyl-4-chlorobenzyloxy, 

(9) 2-pyridylmethyloxy 3,-pyridylmethyloxy, or 4-pyiidylmethyloxy, 

(10) amino, N-methylamino, N J^-dimethyamino, NJSf-diisopropylamino, or 
N(CH3)CH2CH2N(CH3)2, or N-containing heterocycloalkyl bonded via nitrogen 

selected from: morpholinyl, thiomorpholinyl, pynolidnyl, piperidinyl, and 
[2.2. l]azabicycloheptyl, 

(11) -NHCORa wherdn Ra is selected from; 

(12) hydrogen, 

(13) Ci.4alkyl, 

(14) C4-6cycloalkyl, and 

(15) phenyl, 4-fluQrophenyl, 4-chlorophenyl, 3,4-difluorophenyl, or 3,4- 

dichlorophenyl, 

(16) -CO2H, 

(17) -C(0)NH2. 

(18) -CN, 

(19) -SCH3,and 

(20) -SO2CH3; 

R2 is selected from: 

(1) hydrogen, 

(2) methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, isobutyl, terL-butyl, n-pentyl, 
or 2,2-dirDethylpropyloxy, 
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(3) -OH, 

(4) methoxy, ethyloxy, isopropyloxy, n-butyloxy, sec-butyloxy, isobutyloxy, tert.- 
butyloxy, n-pentyloxy, or 2,2-dimethylpropyloxy, unsubstituted or substituted 
with one to three halo, hydroxy, or methoxy substituents, 

(5) cyclopropyloxy, cyclobutyloxy, cyclopentyloxy, cyclohexyloxy, or 
cycloheptyloxy, 

(6) cyclopropyhnethoxy, cyclobutyhnethoxy, cyclopentyhnethoxy, 
cyclohexyhnethoxy, or cycloheptyhnethoxy, 

(7) 4-fluorophenyloxy, 4-chloiophenyloxy, 3-fluoiophenyloxy, 3-chlorophenyloxy, 
3-cyanophenyloxy, 3,4-difluorophenyloxy, 3.4-dichlorophenyloxy, 3,5- 
difluoiophenyloxy, 3,5-dichlorophenyloxy, or phenyloxy, 

(8) benzyloxy, 3-fluorobenzyloxy, 3-chlorobenzyloxy, 4-fluorobenzyloxy, 4- 
chlorobenzyloxy, 3,4-difluorobenzyloxy, 3,4-dichlorobenzyloxy, 3,5- 
difluorobenzyloxy, 3,5-dichlorobenzyloxy, 2,4-fluoroben2yloxy, or 2,4- 
dichlorobenzyloxy, 

(9) 4-pyiidyloxy, 3-pyridyloxy, 2-pyridyloxy, 6-chloro-3-pyridyloxy, or 5-chloro-3- 
pyridyloxy, 

(10) amino, N-methylamino, N-ethylamino, N,N-dimethyamino, NJ^- 
.diethylainino,NJN-diisopropylamino, or N-containing heterocycloalkyl bonded 
via nitrogen selected £rom: pynolidinyl, and pipendinyl, 

(11) -NHCORa wherein Ra is selected from: 

(12) hydrogen, and 

(13) Ci-4alkyl, 

(14) -CN,and 

(15) -SO2CH3; 

r3 and R^ are each independently selected from: 

(1) 4-chlorophenyl, 

(2) 4-methoxyphenyl, 

(3) 4-fluorophenyl, 

(4) 4-trifluoromethylphenyl, 

(5) 3-chlorophenyl, 

(6) 3-methoxyphenyl, 

(7) 2,4-dichlorophenyl, and 

(8) 2-chloro-4-methylthiophenyl; 
and phannaceutically acceptable salts thereof. 
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9. The compound according to Qaim 8, wherein: 
R3 is 4-chlorophCTyl and R4 is 2,4-dichlorophenyl, and phacmaceutically acceptable salts 
thereof. 

S 10. The compound according to Claim 1 , selected from: 

(1) 2-(4-fluorobenzyloxy)-4-(2,4-dicUorophenyl)-5K4-cWorophenyl)pyiimidine; 

(2) 2-<4-fluorobenzyloxy)-4K2-cMoro-4-methyltWophenyl)-5-(4<Uorophenyl)-pyrim 

(3) 2-(3Adifluorobenzyloxy)-4-(2,4-dichlorophenyl)-5-(4-chlorophenyl)pyrimidine; 

(4) 2-(3,4-difluorobenzyloxy)-4-(2<hloro-4-methylthio-phenyl)-5K4-cUorophenyl)^^ 
10 (5) 2K4-cWorobai2yloxy)-4-(2,4-dichlorophenyl)-5-(4-cWorophenyl)pyrimidine; 

(6) 2-(4-cWorobenzyloxy)-4-(2-chloro-4-methylthio-phenyl)-5-(4-cWorophenyl)-pyri^ 

(7) 2-(3,4-dicMorobenzyloxy)-4-(2,4-dicUorophenyl)-5-(4-chlorophenyl)pyrimidine; 

(8) 2-(3,4-dichlorobenzyloxy)-4-(2-chloro-4-methyltMo-phenyl>5-(4<hlorophenyl>pyi^ 

(9) 2-(3-fluorobaizyloxy)-4-(2,4-dichlarophenyl)-5-(4-chlorophenyl)pyiimidine; 

15 (10) 2K3-fluorobenzyloxy)-4-(2-cM<M»-4-methylthio-phenyl)-5K4-cWorophenyl>pyrimidine; 

(11) 2-(3K:Woiobenzylamino)-4-(2,4-dichlorophenyl)-5-(4-chlorophenyl)-pyiiinidine; 

(12) 2-(n^-dimethylamino)-4-(2,4-dicWorophenyl>5-(4-cWorophenyl)pyiirDi^ ; 

(13) 2-amino-4-(2,4-dichlorophenyl)-5-(4-chlorophenyl)pyrimidine; 

(14) 2-caiboxy-4-(2,4-dichlorophenyl)-5-(4-chlorophenyl)pyrimidine; 
20 (15) 2-methylthio-4-(3,4-difluorobenzyloxy)-5-(4-chlOTophenyl)-6-(2,4- 

dichlorophenyl)pyrimidine; 
(16) 2-methylthio-4-hydroxy-5-(4-chlorophenyl)-6-(2,4-dichlorophenyl)-pyiiimdine; 2- 

methoxy-4-hydroxy-5-(4-chlorophenyl)-6-(2,4-dichlorophenyl)pyiimidine; 

(18) 2,4-<lihydroxy-5-(4-chloiophenyl)-6-(2,4-dichlorophenyl)pyrimidine; 

25 (19) 2-methylthio-4-hydroxy-5-(4-chlorophenyl)-6-(2,4-dichlorophenyl)pyrimidine; 

(20) 2-(3,4-difluorobenzyloxy)-4-hydroxy-5-(4-chlQrophenyl)-6-(2,4- 

dichlorophenyl)pyiimidine; 

(21) 2-(3,4-difluoiobenyloxy)-4-hydroxy-5-(4-chlorophenyl)-6-(2,4- 

dichlorophenyl)pyiimidine; 
30 (22) 2,4-bis-(3,4-di£luorobenyloxy)-5-(4-chlorophenyl)-6-(2,4-dichlorophenyl)pyrimidine; 

(23) 2,4-dimethoxy-5-(4-chlorophenyl)-6-(2,4-dichlorophenyl)pyrimidine; 

(24) 2,4-diethoxy-5-(4-chlorophenyl)-6-(2,4-dichlorophenyl)pyrimidine; 

(25) 2,4-diisopropoxy-5-(4-chlorophenyl)-6-(2,4-dichlorophaayl)pyiimidine; 

(26) 2-inethylsulfonyl-4-(3,4-difluoK)phaioxy)-5-(4-chloiophenyl)-6-(2,4- 
35 dichlorophenyl)pynmidine; 
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(27) 2,4-bis(3,4-<Muorophenoxy)-5K4-cWorophenyl)-6-(2,4KticWcTOphenyl)pyi^ 

(28) 2-cyano-4-(3,4KMuorophenoxy)-5-(4-cMoK)phenyl)-6-(2,4-dicWoix)phenyl)p^^ 

(29) 2-(3,4-difluorobeiizyloxy)-4-cyano-5-(4K;hlorophenyl)-6-(2,4- 

dichlorophenyl)pymnidine; 
5 (30) 2-cyano-4-(3,4-difluorobenzyloxy>5-(4-chlorophenyl)-6-(2,4- 

dichlorophenyOpyiimidine; 

(31) 2,4-bis(cyano)-5-<4-cUorophenyl)-^(2,4-dicWorophenyl)pyriiiiidine; 

(32) 2-(3,4-difluoK>phCTOxy)-4-inethyl-5K4K;Worophenyl)-6<2,4-^ 

(33) 2-^thyl4-(3,4-difluorophenoxy)-5-(4-cMoix)phenyl)-6-(2,4-dicMorophenyl)pyr^ 
10 (34) 2-isoi«opy-4-(3,4-difluarophenoxy)-5-(4-chlQrophenyl)-6-(2,4- 

dicMorophaiyl)pyiiimdine; 

(35) 2-(3,4-difluoiobenzyloxy)-4-methyl-5-(4-chlorophenyl)-6-(2,4- 

dichlorophenyl)pyiiimdine; 

(36) 2-<3,4-difluorobenzyloxy)-4-ethyl-5-(4-chlorophenyl)-6-(2,4-dicUoK)phen^ 
15 (37) 2-<3,4-difluorobenzyloxy)-4-(n-methylaimno)-5K4-cMoiophenyl)-6-(2,^ 

dichlQrophenyl)pymmdiiie; 

(38) 2-(3,4-difluorophenoxy)-4-ammo-5-(4-chlorophenyl)-6-(2,4-dicWoK)phen^^^^ 

(39) 2-(3,4-difluorobeiizyloxy)-4-(aimno>5-(4-chlorophenyl)-6-(2,4- 

dichlQrophenyl)pyiiinidme; 
20 (40) 2-(3,4-difluorophenoxy)-4-(acetylammo>5-(4-chlorophenyl)-6-(2,4- 

dichlorophenyl)pynjiiidine; 

(41) 2-(3,4-diflxK>robenzyloxy)-4-(acetylainino)-5-<4-cWotophenyl)-6--(2,4- 

(Uchlorophenyl)pyiiimdine; 

(42) 2-(3,4-difluorophenoxy)-4-(n-pyiioUdinyl>5-[4-chlorophenyl]-6-[2,4- 

25 (tichlorophenyllpynmidine; 

(43) 2-(cyclopK)pylmethoxy)-4-(n-pyiiX)Udmyl>5-[4-chlorophenyl]-6-[2,4- 

dichlorophenyllpyiimidine; 

(44) 2-(n,n-^ethylamino)-4-(3,4-difluorobenzyloxy)-5<4-chloiophenyl)-6-(2,4- 

dichlQiophenyl)pynmidme; 
30 (45) 2-(n^-diisopropylammo)-4-(3,4-difluorobenzyloxy)-5-(4-chlorophenyl)-6-(2,4- 

dichloiophenyl)pyiimidine; 

(46) 2-(n-pynx)Udyl)-4-(3,4-difluoiobenzyloxy)-5-(4-chlorophenyl)-6-(2,4- 

<&chl(»cophenyl)pyriiiiidme; 

(47) 2-(n-pipaidyl)-4-(3,4-difluarob«i2yloxy)-5-(4-chloiophenyl)-6-(2,4- 

35 dichloiophenyl)pyniiiidme; 
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(48) 2-(n-moipholmyl)-4-(3,4-difluorobenzyloxy)-^^^ 
dichlorophenyl)pyriimdine; 

(49) 2-(7-n-[221]-azabicycloheptyl)-4-(3,4-difluoiophenoxy)-^ 
dichlorophenyl)pyrimidine; 

5 (50) 2-(n-propionyl)-4-(3,4-difluorophenoxy)-5-(4-chlorophenyl)-6-(2,4- 

dicUorophenyl)pynimdine; 

(51) 2<n-(2-methyl)propionyl)-4-(3,4-difluorophenoxy)-5-(4-cUor^^ 

dichlorophenyl)pyiiinidine; 

(52) 2<n-(3-me%l)butyryl)-4-(3,4-difluorophenoxy)-5-(4-cWor^^ 
10 dicMorophenyl)pyimudine; 

(53) 2-(aininocarbonyl)-4-(3,4-difluorophenoxy)-5-(4-cUoroph 
(£cMoiophenyl)pymmdine; 

(54) 2-(cart)oxy)-4-(3,4-difluorophenoxy)-5-(4-cMorophenyl)-6-(2^^ 

dichlorophenyl)pyiiimdine; 
15 (55) 2-(2-hydix>xyethyleneoxy)-4-(3,4-difluorophenoxy)-^^ 
dichloiophenyl)pymmdine; 

(56) 2-(2-methoxyethyleneoxy)-4-(3,4-difluorophenoxy)-5-(4-cWor^^ 

dichlorophenyl)pyrimidine; 

(57) 2-(cyclohexylmethyloxy)-4-isopropoxy-5-(4-chlorophenyl)-^-(2,4^ 

20 dicUorophenyl)pyriimdine; 

(58) 2K)yclohexyloxy-4-isopropoxy-5K4-<:hlarophenyl)-6-(2,4^cU^ 

(59) 2K3,4-difluorophenoxy)^yclohexyloxy-5-(4-cUorophenyl)-6^ 
dicUorophenyl)pyrimidine; 

(60) 2-(3,4-difluoiobenzyloxy)-4-cyclohexyloxy-5-(4-cUon>p 
25 dichlorophenyOpyiiinidine; 

(61) 2,4-bis(cyclopropylmethyloxy)-5-(4-chlorophenyl>^2,4^ 

(62) 2^:yclopropyloxy-4-(3-pyridyloxy)-5-(4-chlorophenyl)-6-(2,4- 
dichlorophenyl)pyiiimdine; 

(63) 2-(n-pyiroUdinyl)-4-cyclopropyloxy-5-<4-chlorophenyl>^ 
30 <ficMorophenyl)ppiimdine; 

(64) 2,4-bis(isopropyloxy)-5-(4-cWorophenyl)-6-(2,4-dicUorophenyl)pyi 

(65) 2"(3,4-difluorobenzyloxy>4-(4-cMorophenyl)-5-(2,4-dicUoroph^ 

(66) 2-(4-cMoiobenzyloxy)-4-(4-cUorophenyl>5-(2,4-dichloix)ph^ 

(67) 2-(3-fluorobenzyloxy)-4-(4-cUoiophenyl>5-(2,4-<lichlorophM^ 
35 (68) 2-(3-chloroben2yloxy)-4"(4-cMorophCTyl>-5-(2,4-dichl(m>p 
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(69) 2K4-fluoix)beiizyloxy)-4-(4-cWorophenyl)-5-(2,4-dicWOTopheayl)pyi^ 

(70) 2-(a-methyl-4-fluorobenzyloxy-)-4-(4<Moiophenyl)-5-(2,4-dicUoiop 

(71) 2-(armethyl-4-flu(m)benzyloxy)-4-(2,4-dichloiophenyl)-5K4-cWoiophenyl^ 

(72) 2-(3-pyridylinethoxy)-4-(2,4-<ticWorophenyl)-5-(4-cmcirophenyl)p 

5 (73) 2-(n-butyloxy)-4-(2,4-dicWotophenyl)-5K4-cMoiophenyl)pyrimi<im^ 

(74) 2K2,4-dicWc)robeiizyloxy)-4-(2,4-dicWQrophenyl)-5-(4-cWcjn)phCT^^ 

(75) 2-(cyclohKtylmethoxy)-4<2,4^ticMc»rophenyl)-5-(4w;hlDit)phenyl)py^ 

(76) 2-(3,5-<UcWoiobenzyloxy)-4-(2,4-dicWorophenyl)-5-<4-cMorophenyl)pyi^ 

(77) 2K6-cmoK)-3-pyiidylniethoxy)-4-(2,4KticWorophenyl>5K4-cMorophenyl)pyr^ 
10 (78) 2-(a,ardimethyl-4-flucm>beiizyloxy)-4-(2,4-dicWorophenyl)-5-(4- 

cUon>phenyl)pyiiinidme; 

(79) 2K4-fluorophenyloxy)-4-(2,4Hticmorophenyl)-5-(4-cMoiophenyl)pyrijmd^^ 

(80) 2K3-fluorophenyloxy)-4-(2,4-dicWo«>phenyl)-5-(4-cmorophenyl)pyriinidine 

(81) 2-(3,4-dmuorophenyloxy)-4-(2,4HlicMorophenyl)-5-(4^;Worophenyl)pyrimidine; 
15 (82) 2-(3-<UcTOphenyloxy)-4-(2,4KticMoiophenyl)-5-(4K:Worophenyl)pyriinidm^ 

(83) 2-(4-methoxyphenyloxy)-4<2,4-dicmorophenyl>5<4KJhloiophenyl)pyriimdme; 

(84) 2-(3-pyridyloxy)-4-(2,4-dicWoK)phenyl>5-(4-cmoiophenyl)pyriimdine; 

(85) 2-<5H;Woro-3-pyridyloxy)-4-(2,4-dicWotophenyl)-5K4-cWorophenyl)pyiimidm^ 

(86) 2-(n-<4-fluoK)beiizamido))-4-(2,4-dicMorophenyl)-5-(4-cWarophenyl)pyt^ 

20 (87) 2-(n-<cyclohexylcai*oxaimdo))^(2,4-dicMorophenyl)-5K4-cWorophenyl)pyr^ 

(88) 2,4-bis(cyclobirtylmethoxy)-5-(4-«hlorophenyl>^(2,4-dichlorophCTyl)pyrim 

(89) 2-cyclobutylmethoxy-4-(6-fluoro-3-pyridyloxy>5-(4-chlorophenyl)-6-(2,4- 

dicU(nx>phenyl)pyiimidine; 

(90) 2H:yclobutylmethoxy-4-(5KdUc)ro-3-pyridyloxy)-5-(4-chlorophenyl)-6-(2,4- 

25 dichlorophenyl)pynimdine; 

(91) 2-inethylsulfonyl-4-(3-pyridyloxy>5-(4-chloiophenyl)-6-(2,4- 

dichlorophenyl)pytiinidine; 

(92) 2-cyclobutylmethoxy-4-(3-pyridyloxy)-5-(4-chlorophenyl)-6-(2,4- 

dichloiophenyl)pynimdine; 
30 (93) 2-(2^-<limethylpropyloxy)-4-(3-pyridyloxy>5-(4-chlorophenyl)-6-(2,4- 

dichlorophenyOpyrimidine; 

(94) 2-(2-t-butyloxy>4-(3-pyridyloxy)-5<4-chlorophenyl)-6<2,4-dicWorophenyl)pyriini^^ 

(95) 2-(2-cyclobutyloxy)-4-(3-pyridyloxy)-5-(4-chlorophenyl)-6-(2,4- 

dichlQiophenyl)pyrimidine; 
35 (96) 2-(n-ptopyloxy)-4-(3-pyridyloxy)-5K4H;Morophenyl)-6-(2,4-dicWorophenyl)pyr^ 
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(97) 2-(n-butyloxy)-4-(3-pyridyloxy>5-(4-chlorc9henyl)-6-(2,4-dicWoro 

(98) 2<sec-butyloxy)-4-(3-pyridyloxy)-5-(4-cUorophenyl)-^-(2,4-dttcWoiophenyl)pyi^ 

(99) 2-(iso-butyloxy)-4-(3-pyridyloxy>5-(4-chlorophCTyl>-6K2,4<licW<M»phCT^ 

(100) 2-(isopropyloxy)-4-(3-pyridyloxy)-5K4-cMoix)phenyl)-6-(2,4-dicMorophenyl)p^^ 
5 (101) 2-(n-pentyloxy)-4-(3-pyridyloxy)-5-(4-cMorophenyl)-6K2,4-dicWorophenyl)pyii^ 

(102) 2-cyclopiopyloxy-4-(4-pyiidyloxy)-5-(4-chlorophenyl)-6-(2,4- 

dicMoiopheayl)pymmdine; 

(103) 2,4-bis-(4-pyridyloxy>5-(4K;WoK)phenyl)-6-(2,4-dichloK)phenyl)pyii^ 

(104) 2-(isobutyloxy)-4-(3,4-difluorophenoxy)-5-(4-chlorophenyl>6-(2,4- 

10 dicMorophenyl)pymmdine; 

(105) 2-(cyclopropylmethoxy)-4-(3,4-difluoiophenoxy)-5K4<Morophenyl)-6-(2,4- 

dichloroph^yl)pyiimidine; 

(106) 2-(isopiopyloxy)-4-(3,4-difluoiophenoxy)-5-(4-chlorophenyl)-6-(2,4- 

dichlorophenyl)pyimiidine; 
15 (107) 2-ethoxy-4-(3,4-difluorophenoxy)-5-(4-cWorophenyl)-6-(2,4-dicWoiophenyl)pyi^ 

(108) 2-(n-pyiroUdmyl>4-(3,4-difluotophenoxy)-5-(4-cMorophaiyl)-6-(2,4- 

dichloiophenyl)pymmdme; 

(109) 2-(iMi' ,n' -trime%l-^thylenediamino)-4-(3,4-difluorophenoxy)-5-(4-cUor^^ 

(2,4-dichloiophenyl)pyiimidine; 
20 (110) 2-(n-piperidyl)-4-(3,4-difluorophenoxy)-5-(4-chlorophenyl)-6-(2,4- 

dicUoix>phenyl)pyiimidine; 

(1 1 1) 2-(n-m(Mcpholinyl)-ethylenediaimno-4-(3,4-difluorophenoxy>5-(4-cW 

dichloiophenyOpynmidine; 

(112) 2-dimethylammo-4-(3,4-diflucjrpphenoxy)-5-(4-cWoroiphen^ 

25 (Uchloiophenyl)pyiiiiiidine; 

(113) 2<n-pyn:olidiiiyl)-4-(3-pyridyloxy)-5-(4-chloropheiiyl)-6-(2,4- 

dichlorophenyl)pynimdine; 

(114) 2-methylsulfonyl-4-(2-pyridyloxy)-5-(4-chlorophenyl)-6-(2,4- 

dicUorophenyl)pynmidine; 
30 (115) 2-(2-isopropyloxy)-4-(2-pyridyloxy>-5-(4-chlorophenyl)-6-(2,4- 

dicUorophenyl)pyriimdine; 

(1 16) 2-(2-trimethyl<tiaimoloxy)-4-(2-pyridyloxy>5-(4K;hlorophenyl)-6-(2,4- 

dichloiophenyl)pyiimidine; 

(1 17) 2-(2-pym)lindyl)-4K2-pyridyloxy)-5-(4-cWoK)phenyl)-6-(2,4-dicWorophenyl)py^ 
35 (118) 2-(inethylsulfonyl)-4-methoxy-5-(4-chloiophenyl)-6<2,4-dicWorophenyl^ 
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(119) 2-methoxy-4-(methylsulfonyl>5K4-cWorophenyl)-6-(2,4-dicUoro^^ 

(120) 2-(3,4MMuorophenyloxy)-4-methoxy-5-(4-chlorophenyl)-6-(2,4- 

dichlorophrayl)pynmidine; 

(121) 2-methoxy-4-(3,4-difluorophenyloxy>5-(4-chlorophattyl)-6-(2,4- 

S dicUarophenyl)py]imidine; 

(122) 2-(3-fliK)rophenyloxy)-4-methoxy-5-(4-cWorophenyl)-6-(2,4-dichlorophenyl)pyii^ 

(123) 2-methoxy-4-(3-fluon>phenyloxy)-5-(4-cWQrophenyl)-6-(2,4^UcW^ 

(124) 2-inethoxy-4-(2-pyridyloxy)-5<4-chloiophenyl)-6-(2,4KiicWo^ 

(125) 2-(2-pyridyloxy)-4-methoxy-5-(4-chlorophenyl)-6-(2,4^ficWarophen^^^^ 
10 (126) 2K5-cWoro-3-pyiidyloxy>4-inethoxy-5-(4-chlQrophaiyl)-6-(2,4- 

dichlorophenyl)pyiiimdme; 

(127) 2-iiiethoxy-4-(5-<;Woro-3-pyridyloxy)-5-(4-chlorophenyl)-6-(2,4- 

dicUQrophenyl)pyrimidiiie; 

(128) 2K3-pyridyloxy)-4-methoxy-5-(4-cWorophenyl)-^(2,4-dicWoiophenyl)pyri^ 

* 

15 (129) 2-methoxy-4-(3-pyridyloxy)-5-(4-cWoroph©ttyl)-6-(2,4-dicWoix)phenyl)pyi^ 

(130) 2-methoxy-4K4-fluorophenyloxy)-5-(4-chlorophenyl)-6-(2,4^iicWorophenyl)pyri^ 

(131) 2-methoxy-4-(3,5KlifluoK)phaiyloxy)-5-(4-chlcMrophenyl)-6-(2,4- 

dichloiophaiyl)pyiimidine; 

(132) 2-methoxy-4-(3-cyanophenyloxy)-5-(4<UQrophenyl)-6-(2,4-dicUorophenyl)pyri^ 
20 (133) 2-(3,4-diflvu)robenzyloxy)-4-methoxy-5-(4-chlQrophenyl)-6-(2,4- 

dicUoropheayl)pynimdine; 

(134) 2-methoxy-4-(3,4-difluorobenzyloxy)-5-(4-chlorophenyl)-6-(2,4- 

dichloiophaiyl)pynmidme; 

(135) 2-(methylsiilfonyl)-4-ethoxy-5-<4-cWarophenyl)-6-(2,4-<fichloK)phenyl)pyr^ 
25 (136) 2-ethoxy-4-(methylsiilfonyl)-5<4-cWoiophenyl)-6-(2,4-dichlorophenyl)pyiim 

(137) 2-(3,4-difluorob«izyloxy)-4-ethoxy-5-(4-chlorophenyl)-6-(2,4- 

dichlorophenyl)pyiiimdine; 

(138) 2-ethoxy-4-(3,4-difIuorophenyloxy)-5-(4-chlorophenyl)-6-(2,4- 

dicUoiophenyl)pyiiinidine; 
30 (139) 2-(methylsulfonyl)-4-isopropyloxy-5-(4-chlorophenyl)-6-(2,4- 

dichlorophenyOpyrimidine; 

(140) 2-isopropyloxy-4-(methylsulfonyl)-5-(4-chlorophenyl)-6-(2,4- 

dichlorophenyl)pyrimidine; 

(141) 2-<3,4-difluorobenzyloxy)-4-isopropyloxy-5-(4-clilorophenyl)-6-(2,4- 

35 dichloiopheiiyl)pyriimdine; 
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(142) 24sopropyloxy-4-(3,4-difluorophenyloxy)-5-(4-cUoroph 
dicUoiophenyl)pyriiDidine; 

(143) 2-(3,4-difluoroben2yloxy)-4-pym)Udinyl-5-(4-cUor^ 
dicMorophenyl)pyriimdme; 

5 (144) 2-(3,4-<iifluorobeiKsyloxy)-4-diethylaim^ 
dichloiophenyl)pynimdine; and 

(145) 2-<3,4-difluorobeiizyloxy)-4-diinethylamino-5 
dichlorophenyl)pyriimdine; 

(146) 2-(3,4-difluo]X)phenoxy)-4-methoxy-5-(4-£luorophenyl)-6-[2, 4- 
10 dichlorophenyl]pyrimidine; 

(147) 2-(3,4-difluorophenoxy)-4-methoxy-5-(4-methoxyphenyl)-6-[2, 4- 
dicUorophenyljpyiiimdine; 

(148) 2-(3,4-difluorophenoxy)-4-methoxy-5-(4-trifluorom 4- 
dicUorophenyljpyriinidme; 

15 (149) 2-(3,4-difluorophenoxy)-4-methoxy-5-(3-chloiophenyl)-^ 4- 

dichlo]X)phenyl]pynimdine; 
(150) 2-(3,4-difluoiophenoxy)-4-methoxy-5-(3-methoxyphenyl)-6-P 4- 

dicUorophenyl]pyriimdme. 
and phaimaceutically acceptable salts thereof. 

20 

11. A method of treating a disease mediated by the Caimabinoid-1 receptor 
comprising administration to a patient in need of such treatment of a therapeutically effective 
amount of a compound according to Claim 1. 

25 12. The method according to Claim 1 1 wherein the disease mediated by the 

Cannabinoid-1 receptor is selected from: psychosis, memory deficit, cognitive disorders, 
migraine, neuropathy, neuro-inflammatory disorders, cerebral vascular accidents, head trauma, 
anxiety disorders, stress, epilepsy, Parkinson's disease, schizophrenia, substance abuse disorders, 
constipation, chronic intestinal pseudo-obstruction, dnfaosis of the liver, asthma, obesity, and 

30 other eating disorders associated with excessive food intake. 

13. The method according to Claim 12 wherein the disease mediated by the 
Cannabinoid-1 receptor is an eating disorder associated with excessive food intake. 
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14. The method according to Claim 13 wherein the eating disorder asssodated 
with excessive food intake is selected £rom obesity, bulimia nervosa, and compulsive eating 
disorders. 

S 15. Hie method according to Claim 14 wherein the eating disorder associated 

with excessive food intake is obesity. 

16. A noiethod of preventing obesity in a person at risk for obesity comprising 
administration to said person of about 0.001 mg to about 100 mg per kg of a compound 

10 according to Claim 1. 

17. A composition comprising a compound according to Claim 1 and a 
pharmaceutically acceptable carrier. 

15 18. The use of a compound according to Claim 1, 

for the n[ianuf acture of a medicament useful for the treatment of a disease mediated by the 
Cannabinoid-1 receptor in a human patient in need of such treatment. 

19. The use according to Claim 18 wherein the disease mediated by the 
20 Cannabinoid-1 receptor is selected from: psychosis, memory deficit, cognitive disorders, 

migraine, neuropathy, neuro-inflammatory disorders, cerebral vascular accidents, head trauma, 
anxiety disorders, stress, epilepsy, Parkinson's disease, schizophrenia, substance abuse disorders, 
constipation, chronic intestinal pseudo-obstruction, cirrhosis of the liver, asthma, obesity, and 
other eating disorders associated with excessive food intake. 

25 

20. The use according to Claim 19 wherein the disease mediated by the 
Cannabinoid-1 receptor is an eating disorder associated with excessive food intake. 

21. The use according to Claim 20, wherein the eating disorder asssociated 
30 with excessive food intake is selected from obesity, bulimia nervosa, and compulsive eating 

disorders. 

22. The use according to Qaim 21 wherein the eating disorder associated with 
excessive food intake is obesity. 

35 
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23. The use of a compound according to Claim 1 for the 
manufactuie of a medicament for the prevention of obesity in a person at risk therefor. 
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2-Iso^pv-4-G,^iflii"i^phenoxvV5-(4-cMoiophenvn-6-f2.4-dicMorophenv 1Y 

Ihe title compound was obtained by treating 2-methylsulfonyl -4-(3,4-difluorophenoxy>5-(4- 

chlorophenyl)-6-(2,4-dichlorophenyl)pyiimidine (Example 20, 128 mg, 0.25 mmol) by the same 

S general procedure described in Reference Examples 8 and 9 but substituting isobutyl magnesium 

bromide for methyl magnesium bromide. Workup and flash colmnn chromatography on silica 

gel (eluted with 85/15 hexanes/ethyl acetate) afforded desired product HPLC/MS: m/e= 505 
(M^; Rt = 5.02 min. iH-NMR 500 MHz (GDQs): 5 1.28 (d, J=8 Hz, 6H), 3.15 (qn, J= 8 Hz, 

IH), 6.95 (m, IH), 7.12 (m, 4H), 7.18-7.30 (m, 4H), 7.39 (d, J=2 Hz, IH). 

• 10 

EXAMPLE 29 




2-r3.4-Difluorobenzvloxv^-4-methvl-5-(4-cMarophenvlV^2.4-dicMQr nphftnYl)pyritnid^ 
The title conq)ound was obtained by treating 2-(3,4-difluQrobenzyloxy)-4-(methylsulfonyl)-5-(4- 
15 chlorophenyl)-6-(2,4-dichlorophenyl)pyrimidine (Reference Example 7) (40 mg, 0.075 mmol) 
by the same general procedure described in Reference Examples 8 and 9. Workup and flash 

column chromatography on dlica gel (eluted with 83/17 hexanes/ethyl acetate) afforded the 
desired product. HPLC/MS: OT/e=493 (M^+ 1); Rt = 4.80 min. iR-NMR 500 MHz (CDCI3): 

8 2.39 (s, 3H0. 5.44 (s, 2H), 7.02 (m, 2H), 7.17 (m, 2H). 7.25 (m, 2H), 7.35-7.41 (m, 4H). 

20 

EXAMPLE 30 
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2-(3.4-Dmuorobenzvloxv)-4-ethvl-5-(4-<;MorophCTvlV^(2.4<licMar nrph 
The title conq)Ound was obtained by treating 2-(3,4-difluorobenzyloxy)-4-(methylsulfonyl)-5-(4- 
chloiophenyl)-6-(2,4-dichlorophenyl)pyriniidine (Refeiraice Exan^le 7) (40 mg, 0.075 mmol) • 
5 by the same geneial procedure described in Referrace Examples 8 and 9 but substituting ethyl 
magnesium bromide for methyl magnesium bromide. Workup and flash column 
chromatography on silica gel (eluted mUk 85/15 hexanes/ethyl acetate) afforded title compound. 
HPLC/MS: in/e=507 1); Rt = 4.97 min. iH-NMR 500 MHz (CDCI3): 5 1.24 (t, J=8 Hz), 

2.63 (q, J=8 Hz), 5.46 (s, 2H), 7.02 (m, 2H), 7.17-7.21 (m, 5H), 7.25 (d. J=9Hz. H), 7.38-7.42 
10 (m,lH). 



EXAMPLE 31 




2-(3,4-Difluorobenzyloxy)-4-0^-methylamino)-5-(4-chlorophenyl)-6-(2,4- 

15 dichloroph ftnYl)pYriTnidine ^ 

Step A: 2-(Methylsulfonyl)-4-(aminomethyl)-5-(4-chlorophenyl)-6-(2,4- 

dichloropb ft"Yl)py"Tni<^i"e . 

To a round bottom flask fitted with a magnetic stirrer bar and mbber septum was added 2,4- 
20 bis(methylsulfonyl)-5-[4-chlorophenyl]-6-[2, 4-dichloFOphenyl]- pyiimidine (Reference Example 
5, Step A, 50 mg, 0.1 mmol), and 1 mL each of ethanol and acetonitrile. The mixture was cooled 
to 0° and methylamine (2 eq., 400 jiL, IM in IHF) was added via syringe. The mixture was 
stirred for 1 h, the solvents removed under reduced pressure and the product chromatographed 
(77/23 hKianes/ ethyl acetate) to give two products: a higher Rf product (unidentified) and 2- 

-94- 



wo 2004/029204 



PCTAJS2003/030161 



(3,4-difluoiobenzyloxy)-4-CN-methylaimno)-5-(4H;UQro 

pyrimidine as the lower Rf product. HPLC/MS: m/e=H2 (M*-l); Rt = 3.58 min. iH-NMR 500 
MHz (CDCI3): S 3.13 (d, J=5 Hz, 3H), 3.37 (s, 3H), 7.07 (d, J=8 Hz IH). 7.10 (d , J=8 Hz, 2H), 

7.18 (d , J=8 Hz, IH), 7.38-7.40 (m, 3H). 

Step B: 2-(3,4-Difluorobeiizyloxy)-4-(N-inethylaimno)-5-(4H;Uoroph^ 

dichlQropb ftnyl)pyriTnidine 

The title compovind was obtained by treating 2-(methyl-siilfonyl)-4-(aminomethyl)-5-(4- 
chlorophenyl)-6-(2,4-dichlorophenyl) pyrimidine (Example 31, Step A) (21 mg, 0.048 mmol) by 
the same general procedure desoibed in Reference Examples 6 and 7. Workup and flash columx 
chromatography on silica gel (eluted with 60/40 hexanes/ethyl acetate) afforded 2-(3,4- 
difluorobenzyloxy)-4-(N-niethylamino)-5-(4-cWQrophenyl)-6-(2,4-dicWorophenyl)pyrimidine^ 
HPLC/MS: m/e=508 (M*+l); Rt = 3.50 min. iH-NMR 500 MHz (CDQa): 5 3.02 (d, J=5 Hz, 

3H), 4.83 (bd, J=2 Hz, IH) 5.40 (s, 2H), 7.07-7.42 (m, lOH). 

EXAMPLE 32 




2-(3.4-Difluoiophenoxv^-4-flniiiir>-S-r4-chloioDhenvlV6-f2.4-dichlQm phftT^Yl>pYrimi 
Step A: 2-(Methylsulfonyl)-4-(amino>5-(4-chlorophenyl)-6-(2,4- 

dichloroph <i^PY^)PY"™^'"^ 

The title compoimd was obtained by treating 2,4-bis(methylsulfonyl>5-[4-chlorophenyl]-6-[2, 4- 

dichlorophenyl]pyrimidine (Reference Example 5, Step A, 325 mg, 0.70 mmol), by the same 
general procedure described in Example 31 (Step A) but using excess ammonia gas in methanol. 
Based on the relative retention times and the results from Example 31, the only product was 2- 
me%lsulfonyl)-4-(amino)-5-(4-chlorophenyl)-6-(2,4-dichlQrophenyl)pyrimidine: HPLC/MS : 
m/e=430 ^+1); Rt = 3.47 min. The solvent was removed and the crude reaction mixture used 

without further purification or characterization. 
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Step B: 2-(3,4-Difluorophenoxy)-4-(aimno)-5-(4-chlorophenyl)-6-(2^^ 

dichloropb ftTiYl)pYriniidiiie 

The title compound was obtained by treating 2-(methylsulfonyl)-4-(aniino)-5"(4-chlorophenyl)- 
6-(2,4-dichlorophenyl)pyrinridine OBxample 32, Step A,) with 3,4-difluoiophenol by the same 
5 general procedure described in Reference Examples 6 and 7. Workup and flash colunm 

chromatography on silica gel (eluted with 80/20 hexanes/ethyl acetate) afforded starting material 
and2-(3,4-<Jifluorophenoxy)-4-(anrino>5-(4-cWorophenyl)-^(2,^^ 

HPLC/MS: m/e=4S0 (M^+1); Rt = 4.21 min. iH-NMR 500 MHz (CDCI3): 6 5.10 (bs, 2H), 7.0- 
7.10 (m, 2H), 7.11-7.25 (m, 4H), 7.15-7.19 (m, 4H). 

10 

EXAMPUE33 




2-G.4-Difluorobenzvloxv)-4-faminoV^-.(4K;MorophenvlV6-(2.4-dichloroph 
The title compound obtained by treating 2-(methylsulfonyl)-4-(amino)-5-(4-chlorophenyl)-6- 
15 (2,4-dichlorophenyl)pyrimidine (Example 32, Step A,) with 3,4-difluorobenzyl alcohol by the 
same general procedure described in Reference Examples 6 and 7. Workup and flash column 
chromatography on silica gel (eluted with 80/20 hexanes/ethyl acetate) afforded 2-(3,4- 
difluorobenzyloxy)-4-(amino)-5-(4-chlorophenyl)-6-(2,4-dichlorophenyl)pyri^ 
HPLC/MS: /n/e=494 (>1*+1); Rt = 3.91 min. iR-NMR 500 MHz (CDCls): 5 5.10 (bs, 2H), 5.38 

20 (s, 2H), 7.0-7.10 (m, 2H), 7.1 1-7.23 (m, 6H), 7.15-7.19 (m, 2H). 

EXAMPLE 34 




2-f3,4-Difluorophenoxv)-4-facetylaTninoV5-(4K:hlorophenvlV6-(2.4-dicM 
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To a round bottom flask fitted with a magnetic stirrer bar and rubber septum was added 2-(3,4- 
difluorophenoxy)-4-amino-5<4-cWorophenyl)-6-(2,4-dichlorophenyl)pyiimidine (Example 32) 

(20 mg, 0.04 mmol), 500 \xL acetic anhydride and 10 mg of 4-(NJ^-dimethylamino) pyridine 
(DMAP). The mixture was heated at reflux for 10 minutes and then worked up by removing the 
5 solvent/reagent under high vacuum Flash chromatography on silica gel (70/30 hexanes/ethyl 
acetate) afforded the desired product. iH-NMR 500 MHz (CODCla): 8 2.41 (s, 3H), 7.06-7.67(m, 

lOH), 8.03 (bs, IH). 



EXAMPLE 35 




2-(3,4-Difluorobenzyloxy)-4-(acetylaniino)-5-(4-chlorophenyl>6-(2,4-dichlorophenyl)- 

pyrimidine 

The title confound was obtained by treating 2-(3,4-difluorobenzyloxy)-4-amino-5-(4- 
15 chlorophenyl)-6-(2,4-dichlarophenyl)pyrimidine (Example 33) with acetic anhydride and 
catalytic DMAP by the same general procedure described in Example 34. Workup and flash 
column chromatogrj^hy on silica gel (eluted with 80/20 hexanes/ethyl acetate) afforded the 
desired product HPLC/MS: m/e-536 (M*+l); Rt = 4.5 min. iH-NMR 500 MHz (CDCI3): 6 

2.56 (s, 3H), 5.45 (s. 2H), 7.03-7.27 (m, 9H), 7.38 (d. J=2Hz, IH), 8.05 (bs. IH). 
20 EXAMPLE 36 
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2-(3,4-Difluorophenoxy)-4-(N-pyrioUdinyl)-5-[4-cUorophenyl]-^[2,4^ 

pyrimidine 

Step A: 2-(Methylsulfonyl>4-CN-pyrroUdinyl^^ 

dichloropb eTiy1)pY""^^diTie 

5 To a 5 mL round bottom flask fitted with a magnetic stir bar and mbber septum was added 1 mL 
dry hexane and pyrrolidine (25 pL, 0.3 mmol). The flask was cooled to 0^ flushed with 
nitrogen, and n-butyl lithium (130 }iL» 0.3 mmol, (2M solution)) was added via syringe to the 
solution. To a separate round bottom flask fitted with a magnetic stir bar and rubber sq)tum was 
added 2,4-bis(methylsulfonyl)-5-[4-chlorophenyl]-6-[2, 4-dichlorophenyl]pyrimidine (Reference 

10 Example 5, 150 mg, 0.3 mmol) and 1 mL THF. This flask was cooled to -TS^'C and the 

pyrrolidine lithium amide solution was added slowly to this flask via syiinge. The reaction 

mixture was stirred 2h at -78^C then brought to room temperature. The reaction mixture was 
washed with saturated NaHCOs, dried over MgS04, and IBltered. The solvent removed under 

reduced pressure. Hash column chromatography on silica gel (eluted with 75/25 to 60/40 
15 hexanes/ ethyl acetate gradient) afforded higherRf material, identified by NMR as 2-(N- 
pyrroUdinyl)-4-(methylsiilfonyl>5-[4-cWorophenyl]-6-[2,4-dichlorophenyl]pyrimidine: 
HPLC/MS: m/e- 482 (M-1); Rt = 4.3 min; iH-NMR 500 MHz (CDQa): 5 2.09 (bs; 4H), 3.34 

(s, 3H). 3,67 (bd, J= 6Hz, 4H), 7.0 (d, J=8 Hz. 2H), 7.16 (d, J=8 Hz. 3H). 7.21 (d, J= 8 Hz, IH), 

7.34 (d, J=2 Hz, 11^ and a lowerRf material identified as 2-(methylsuIfonyl) 4-(N-pyrrolidinyl)- 
20 5-[4-chlorophenyl]-6-[2, 4-dichlorophenyl]pyrimidine: HPLCTMS: m/e- 482 (M-1); Rt = 4.0 

min; iH-NMR 500 MHz (CDas): 5 1.90 (bs, 4H), 2.8-3.6 (bs. 4H). 3.34 (s, 3H), 6.85 (d, J=8 
Hz, IH). 7.16 (d over bs, J=8 Hz, 3H), 7.21 (d, J= 8 Hz, 2H7.34 (d, J=2 Hz. IH). 

Step B: 2-(3.4-Difluorophenoxy)-4-(N-pytrolidinyl)-5-[4-chlorophenyl]-6-[2, 4- 

25 dichlaropbenyllpyrimidine 

2-(Kfethylsulfonyl)-4-0^-pyrrolidinyl)-5-(4-chlorophenyl)-6-(2,4-dichlorophenyl) pyrimidine (24 

mg, 0.05 mmol) was treated with 3,4-di£luorophenol by the same general procedure described in 

Reference Examples 6 and 7. Worioip and flash colmnn chromatography on silica gel (eluted 
with 70/30 hexanes/ethyl acetate) afforded the title compound. HPLC/MS: iit/es534 (M^+1); Rt 

30 = 4.39 min. iH-NMR 500 MHz (CDQs): 5 1.80 (bs, 4H), 3.2 (bs. 4H). 6.85- 7.28 (m. lOH). 

EXAMPLE 37 
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2-(Cyclopropylmethoxy)-4-(J^-pyiToUdinyl)-5- 

pyrimidme 



10 



2-(Methylsiilfonyl)-4-(N-pyrroHdinyl)-5-(4-chloroph^ 

(Example 36, Step A, 48 mg, 0.1 nunol) was treated with cyclopropyl methanol by the same 

general proceduie described in Reference Examples 6 and 1. Workup and flash colmnn 

chromatography on silica gel (eluted with 70/30 hexanes/ethyl acetate) afforded the title 
compomid. HPLC: Rt = 3.46min. lH-NMR500MHz (CDCI3): 8 0.37 (d, J=4 Hz, 2H), 0.61 

(dd, J= 8 Hz, J= 1 Hz, 2H), 1.38 (m, IH), 1.80 (bs, 4H). 3.2 (bs, 4H), 4.17 (m, IH), 4.25 (m, IH), 
6.85 (d, J=8 Hz, IH), 7.08 (d over bs, J=8 Hz, 3H), 7.12 (d. J= 8 Hz, 2H), 7.24 (d, J=2 Hz, IH). 

EXAMPLE 38 




15 2-(NJvr-Diethylaniino)-4-(3,4-diflu(m>benzyl(»y)-5-(4-cUo]^^ 
2-(Methylsulfonyl)-4-(3,4-difluQiobenz>loxy)-5-[4K;Uoi?^ 

dichloiophenyl]pyrimidine (Reference Example 6, 55 mg, 0.10 mmoi) was treated vdth excess 

diethylanune in THF according to the same general procedure described in Exan^le 31, Step A. 

20 Workup (solvent ronoval under reduced pressure) and flash column chromatography on silica 

^ (eluted with 87/13 hexanes/ethyl achate) afforded the title compound. HPLCTMS: m/e-5Sb 
(M*+l); Rt = 4.48 min. iH-NMR 500 MHz (CDOs): 6 1.23 (t, J=7 Hz, 3H), 3.65 ( q, J= 7 Hz, 
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2H), 5.39 (s, 2H), 7.04 (d, J=8 Hz, 2H), 7.08 (d. J= 8 Hz, 2H), 7.13-7.22 (m, 5H), 7.34 (d. J=2 
Hz,lH). 

EXAMPLE 39 

5 




2-(NJN-Dusopiopylamino)-4-(3,4-difluQn>benz^oxy)-S-(4-chloioph^ 

dichloropbenYl)pYriinidine 

2-(Nfcthylsulfonyl)-4-(3,4-difliiorobeiizyloxy)-5-[4-cMor^^ 4- 

10 dicMoiophrayllpyiimidine (Reference £xanq>le 6, 55 mg, 0.10 mmol) was leacted in neat 

diisopiopyl amine heated at ISO^C overnight in a stainless steel pressure bottle by the general 

procedure described in Example 31, Step A. Workup (excess isopropyl amine removed under 

reduced pressure) and flash coluirm chromatography on silica gel (eluted with 97/3 hexanes/ethyl 
acetate) afforded the title compound. HPLC: Rt = 4.22 min. iH-NMR 500 MHz (CDCI3): 

15 8 1.28 (d, J=6 Hz, 6H), 4,217 ( q, J= 6 Hz. IH), 5.39 (s, 2H), 7.04 (d, J=8 Hz, 2SI), 7.08-7. 14 
(m, J= 2H), 7.17 (m, 5H), 7.31 (d, J=2 Hz, IH). 

EXAMPLE40 



20 




2-(N-Pyrrolidyl)-4-(3,4-difluorobenzyloxy)-5-(4-chlQrophenyl)-6-(2,4-dichlorophaiyl)- 
pvrimidine 
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2-(Me1hylsulfonyl)-4-(3,4-difluoroben2yloxy)^^ 

dichlorophenyllpyrimidine OEleference Example 6, 55 mg, 0-10 mmol) was reacted in excess neat 

pyrrolidine at 80^C overnight by the general procedure described in Example 31, Step A. 

' Workup (solvent removal under reduced pressure) and flash colunm chromatography on silica 

5 gel (eluted with 92/8 hexanes/ethyl acetate) afforded the title compound. HPLC/MS: m/e^SA% 
(M^+1); Rt = 4.76 min. iH-NMR 500 MHz (CDCI3): 5 2.02 (bs, J= 4H), 3.63 (bs. 4H). 5.40 (s, 

2H). 7.04 (d, J=8 Hz, 2H), 7.08-7.20 (m, 7H), 7.34 (d, J=2 Hz, IH). 

■ 

EXAMPLE 41 

10 




2-fN-PiperidvD-4-(3.4-difluorobenzvloxvV5-(4-cMomphenvl')-6-(2.4-dicMoit *phft^ 
2-^ethylsulfonyl)-4-(3,4-difluorob«izyloxy)-5-[4-chloix^ 

dicUQix>phenyl]pyriimdme (Reference Exan^le 6, 48 mg, 0.085 mmol) was reacted in excess 

IS neat piperidine at 80°C ovemigjit by the general jnocediue described in Example 31, Step A . 

Workup (solvent removal under reduced pressure, then toluene azeotrope) and flash column 

■ ciuomatography on silica gel (eluted with 90/10 hexanes/ethyl acetate) afforded the title 
compound. HPLC Rt = 5.36 min. iH-NMR 500 MHz (CDQa): S 1.63 (m, 4H), 1.71 (m, 2H), 

(bs, 4H), 3.83 (m, 4H), 5.36 (s, 2H). 7.02 (d, J=8 Hz, 2H), 7.08-7.20 (m, 7H). 7.31(d, J=l Hz, 
20 IH). 

EXAMPLE 42 
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2-(N-Morpholinyl)-4-(3,4-difluorobenzyloxy>5-<4K;hloro 

dichloroph <^»^yl)pYriii"'^TBfi ■ 

2-<Methylsulfonyl)-4-(3,4-difluc»K)benzyloxy>5-[4-chlorophe^^ 

dichlorophenyllpyiimidine (Reference Ejeainple 6, 48 mg, 0.085 mmol) was reacted in excess 
5 neat morpholine at 80° for 3 h by the general procedure described in Example 31, Step A. 
Workup (solvent removal xmdex reduced pressure, then tolurae azeotrope) and flash column 
chromatography on silica gel (eluted with 88/12 hexanes/ethyl acetate) afforded the title product. 
HPLC/MS: wfe=564 (M^+l); Rt = 5.00 min iH-NMR 500 MHz (CDCI3): 5 3.80 (m, 4H), 3.86 

(m, 4H), 5.38 (s, 2H), 7.02 (d, J=8 Hz, 2H), 7.08-7.20 (m, 7H), 7.31(d, J=l Hz, IH). 

10 

EXAMPLE 43 




F 



2-(7-N-[2.2.1]-Azabicycloheptyl)-4-(3,4-difluorophenoxy>5-(4-chlorophenyl>6-(2,4- 

15 dichlorophenvDpvrimidine . — 

The title compound was obtained by treating 2-(methylsulfonyI)-4-(3,4-difluorophenoxy)-5-[4- 
chlorophenyl]-6-[2, 4-dichlorophenyl]pyiimidine (Example 20, 55 mg. 0.1 mmol) was reacted 
with three equivalents of [2.2.1]-7-azabicycloheptane (39 mg, 0.3 mmol) (Tyger Caiemical) in 
DMF at 125*'C for 3 h by the ^eral procedure described in Example 31, Step A. Workup and 

20 flash column chromatography on silica gel (eluted with 93/7 h&eanes/ethyl acetate) aff(»ded the 
desired product HPLC Rt = 533 min iH-NMR 500 MHz (CDCla): 8 1.47 (m, 4H). 1.79 (m, 

4H), 4.4 (bs, 2H). 6.9 (mi. IH). 7.02-7.30 (m, 9H). 

EXAMPLE 44 

25 
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2-0N-n-Pn)picmainide)-4-(3,4-diflu(m)phCTOxy)-5-(4K:M<M»phenyl)^ 

pyrimidine . 

Step A: 2-(Aimno)-4-(3,4-<Mu<Mophenoxy>5-(4-chlow)phenyl)-6-(2,^ 

5 dichlorophenvDpvrimidine 

To a S mL round bottom flask fitted with a magnetic stir bar and robber s^tum was added 1 mL 
THF and excess ammonia gas. The flask was cooled to 0**. 2-(methylsu]fonyl)-4-(3,4- 
difluorophenoxy)-5-[4-chloroph«iyl]-6-[2, 4-dichlQrophenyl]pyiimidine (Example 20, 270 mg, 
O.S mmol) was added. The reaction mixture was stirred overnight at room temperature. The 
10 reaction mixture was washed with saturated NaHCOs, dhed over MgS04, filtered and the 

solvent removed under reduced pressure. Flash colunm chromatography on silica gel (eluted 

with 60/40 hexanes/ethyl acetate) afforded 2-(amino)-4-(3,4-difluoTOphenoxy)-5-(4- 
chlorophenyl)-6-(2,4-dichlorophenyl)pyrimidine.HPLC/MS: in/c= 480 (M+1); Rt = 4.2min; 

IH-NMR 500 MHz (CD3OD): 6 6.95 (m, IH), 7.20 (m, 4H), 7.28 (m, 4H), 7.41 (d, J=2 Hz, 
15 IH). 

Step B: 2-(N-n-Propionamide)-4-(3,4-difluorophenoxy)-5-(4-chlorophenyl)-6-(2,4- 

dichlorophenvl')pvriiTiidine ^ 

2-(Amino)-4-(3,4-difluorophenoxy>5-(4-chlQrophenyl)-6-(2,4-dichloroirfienyl) pyrimidine (Step 

20 A), ( 30 mg, 0.06 mmol) was reacted witii propionic anhydride by the same general procedure 

described in Example 34. Workup and flash column chromatograidiy on silica gel (duted with 

75/25 hexanes/ethyl acetate) afforded 2-(N-n-propionamide)-4-(3,4-difluorophenoxy)-5-(4- 
chlorophenyl)-6-(2,4-dichlorophenyl)pyrimidine. HPLC/MS: m/e=4B0 (M*^- acetyl); Rt = 4.54 

min vs Rt = 4.2 min for starting material. iH-NMR 500 MHz (CXOs): S 1.09 (t» J=9 Hz, 3H), 
25 2.60 (q, J=9 Hz, 2H), 6.95 (m, iH), 7.16 (m. 4H), 7.26 (m. 4H), 7.39 (d, J=2 Hz, IH). 

EXAMPLE 45 
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F 



2-(N<2-Methyl)propioamide)-4-(3,4-difluorophraoxy)-5-(4-cWoio^ 

dichlorophenvDpvrimidine 

2-(Aimno)-4-(3,4-difluorophenoxy)-5K4-cMorophenyl)-6-(2,4- 

5 dicWorophenyOpyiimidine (Example 44, Step A), ( 25 mg, 0.05 mmol) was reacted with 

isobutydc anhydxide by the same general procedure described in Example 34. Workup and flash 

column chromatography on silica gel (eluted with 75/25 hexanes/ethyl acetate) afforded the title 
con^und. HPLC7MS: m/e=550 1); Rt = 4.59 min vs = 4.2 min for starting material. 

IH-NMR 500 MHz (CDCI3): 5 1.10 (d, J=7 Hz, 6H), 3.14 (m, J=7 Hz, IH), 7.0 (m, IH), 7.17 
10 (m, 4H), 7.27 (m. 4H), 7.37 (d. J=2 Hz, IH), 7.85 (bs, IH (NH). 

EXAMPLE46 




F 



15 2-(N-(3-Methyl)butyramide)-4-(3,4-difluorophCTioxy)-5-(4-chlQrophenyl)-6-(2,4- 

dichloroph ftTi Yl)pYrimi dine 

2-(Amino)-4-(3,4-difluQrophenoxy)-5-(4-chlorophenyl)-6-(2,4- 
dichlorophenyl)pyrimidine OBxanple 44, Step A), ( 25 mg, 0.05 mmol) was reacted with isoamyl 
anhydride by the general procedure described in Example 34. Workup and flash column 
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chromatography on silica gel (eluted with 75/25 hexanes/e&yl acetate) afforded the title 
compound. HPLC/MS: m/e-S^l (M^-1); Rt = 4.65 min vs Rt = 4.2 min for starting miaterial. 
IH-NMR 500 MHz (CDCI3): 8 0.89 (d, J=7 Hz. 3H), 1.0 (d, J=7 Hz. 3H), 2.17 (m. J=7 Hz. IH), 
2.24 (d, J=7 Hz. IH). 2.47 (d. J=7 Hz. IH), 7.0 (m, IH), 7.17 (m, 4H), 7.27 (m. 4H), 7.32 (d. 1=2 
5 Hz, IH), 7.32 (bs, IH (NH)). 

EXAMPLE 47 




2-(Aminocarbonyl)-4-(3,4-difluorophenoxy)-5-(4-chlo!rophenyl)-6-(2,4- 

dichloroph^ y|)pY"Tnidine . . 

10 The title compound was obtained by treating 2-(cyano)-4-(3.4-difluoroph«ioxy)-5-(4- 

chlorophenyl)-6-(2,4-dichlorophenyl)pyiimidine (Example 22, 410 mg, 0.8 mmol) with sulfuric 
acid (2 h. 80°C) by the general procedure described in Example 8. Step B. Workup and flash 
column chromatography on silica gel (eluted with 50/50 hexanes/ethyl acetate) afforded the 
desired product HPLCTMS: wfe=508 (M*+l); Rt = 3.97 min. 

15 

EXAMPLB48 




l-(narhoxv^-4-^3.4-difluoTophenoxvV5-(4-cMQi ttphenvlV6-^2.4-dicMorophenvl>DV^ 

20 2-(Aminocarbonyl)-4-(3,4-difluorophenoxy)-5-(4-chlorophenyl)-6-(2,4-dichloro- 

phenyl)pyiimidine (Example 47, 228 mg, 0.5 mmol) was reacted with sulfuric acid (3 h, 125°C) 
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by the same general procedure described in Example 8, Step B. Workup (ice water) afforded a 
white precipitate which was washed with water and dried under high vacuum to give the title 
compound. HPLC/MS: m/e=353; Rt = 3.02 min. 

5 EXAMPLB49 




2-(2-Hydroxyethyleneoxy)-4-(3,4-difluarophenoxy)-5-(4-chlorophenyl>6-(2,4- 

dichlorophft nYl)pyriTnidiTie 

2-(Methylsulfonyl)-4-(3,4-difluorophenoxy>5-(4-cWarophenyl)-6-(2,4-dicWoro^ 

10 pyrimidine (Biample 20, 54 mg, 0.1 mmol) was reacted with 1 equivalent of n-butyl lithium and 
ethylene glycol by the general procedure described in Reference Bxanq>les 6 and 7. Warkup and 
flash column chromatography on silica gel (eluted with 60/40 hexanes/ethyl acetate) afforded the 
title compound. HPLC/MS: m/e-319 (M^-45 (ethyleneoxy)); Rt = 4.25 min. iH-NMR 500 
MHz (ax:i3): 8 3.93 (t, J=5 Hz. 2H), 4.42 (t. Hz, 2H), 6.90 (m. IH), 7.08 (m. 2H), 7.17 

15 (m, 2H), 7.27 (m, 4H), 7.32 (d, J=2 Hz, IH). 

EXAMPLE 50 




2-(2-Methoxyediyleneoxy)-4-(3,4-difluorophenoxy)-5-(4-chlorophenyI)-6-(2,4- 
20 HichlQrophenvDpvrimidine 
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2-CMethylsulfonyl)-4-(3,4-difluon)phenoxy)-5-(4-chlorophenyl)-6-(2,4- 
dichloiophenyOpyrimidine (Exaiiq)le 20, 54 mg, 0.1 mmol) was reacted with 1 equivalent of n- 
butyl lithium and 2-methoxyelhanol by the gen^ procedure described in Reference Examples 6 
. and 7. Workup and flash column chromatogr^hy on siUca gel (eluted with 80/20 hexanes/ethyl) 
5 acetate afforded the tifle compound. HPLOMS : OT/fe=439 (M^+ 1); Rt = 5.38 min. iH-NMR 500 
MHz (CDCI3): 6 3.41 (s, 3H), 3.73 (t, J=5 Hz, 2H), 4.42 (t, J=5 Hz, 2H), 6.90 (m, IH), 7.10 
(m, IH), 7.14 (dd J= 8 Hz, J= 2 Hz, 2H).7.17-7.26 (m. 5H), 7.36 (d, J=2 Hz, IH). 



EXAMPLES! 




Step A: 2-Cyclohexyloxy-4-(methylsulfonyl)-5-(4-chlorophenyl)-6-(2,4- 

dichlarophe "Y^>PY"™'*^"^ (HRf^ product^ , 

2,4-bis(Methylsulfonyl)-5-[4-chlorophenyll-6-[2, 4^chlorophenyl] pyrimidine (Reference 
15 Example 5) (98 mg, 0.2 mmol) was reacted with 1 equivalent each of n-butyl lithium and 

cyclohexyl methanol by the procedure desoibed in Reference Examples 6 and 7. Workup and 
flash column chromatography on silica gel eluted with 85/15 hexanes/ethyl acetate afforded 2- 
(cyclohexyhnBthoxy)-4-(methyl-sulfonyl)-5-(4-cWorophenyl)-6-(2,4^ficmorophenyl)pyrim^ 
(HRf product): iH-NMR 500 MHz (CDQa): 5 0.9-1.1 (m, IH), 1.10-1.2 (m, 2H), 1.2-1.4 (m, 

20 3H); 1.67-1.88 (m, 3H), 1.9-2.0 (m, 2H), 3.38 (s. 3H). 4.29 (d, J=6 Hz, 2H), 7.0 (d, J=7 Hz, IH). 
7.18-7.22 (m, 3H), 7.24-7.28 (m, 2H), 736 (d. J=2 Hz, IH) and 28 mg of 2-(methylsulfonyl)-4- 
(cyclohexyhnethyloxy>5-(4-cWarophenyl)-6-(2,4-dicWor<>-phenyl)pyriinidine (LRf product): 
IH-NMR 500 MHz (CDCI3): 5 0.87-0.9 (m, IH), 0.95-1.07 (m, 2H), 1.1-1.3 (m, 2H). 1.33 (m, 

2H), 1.7-1.82 (m, 4H), 3.40 (s, 3H), 4.37 (d, J=6 Hz, 2H), 7.08-7.12 (m, 2H), 7.22-7.30 (m, 4H), 
25 7.36 (d, J=2 Hz. IH). 

Step B: 2-Cycldiexylmethyloxy-4-isqpropoxy-5-(4-chlorophenyl)-6-(2,4- 

dichlorop hp»Y^)pY"*"'^^"*'' ■ 
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2-Cyclohexyloxy-4-methylsulfonyl-5-(4-chlorophenyl)-6-(2,4-dicWorophenyl) pyrimidine (HRf 
product. Example 51, Step A),(24 mg, 0.1 mmol) was reacted with 1 equivalent each of n-butyl 
lithium and isopropanol by the procedure described in Reference Exanq>les 6 and 7. Workup 
and flash column chromatography on silica gel (eluted with 95/5 hexanes/ethyl acetate) afforded 
5 2-cyclohexyhnethyloxy-4-isopropoxy-5-(4-chlorophenyl)-6-(2,4-dichlorophenyl) 

pyrimidine. HPLC/ Rt = 5.47 min. iH-NMR 500 MHz (CDas): 5 0.8 (m, IH), 1.1 (m, 2H), 

1.20-1.35 (m, 3H), 1.37 (d, J=6 Hz, 6H), 1.7-1.8 (m, 3H), 1.90 (m. 2H). 4.20 (d, J=6 Hz, IH), 
5.50 (qn, J= 6 Hz, IH), 7.03 (d, J=7 Hz, IH), 7.10 (d, J=8 Hz, IH), 7.18 (m. 4H), 7.32 (d, J=2 
Hz, IH). 

10 

EXAMPLE 52 




15 Step A: 2-Cyclohexyloxy-4-methylsulfonyl-5-(4-chlo(rophenyl)-6-(2,4- 

dichloroDhep yl>pY""''^i ne ffiKeher Rfi ^Mcoduct^ 

2,4-Bis(methylsulfonyl)-5-[4-chlorophenyl]-6-[2, 4-dichlorophenyl] pyrimidine (Reference 
Example 5) (196 mg, 0.4 mmol) was reacted with 1 equivalent each of n-butyl lithium and 
cyclohexanol by the procedure described in Reference Exaiiq)les 6 and 7. Woriaip and flash 

20 column chromatography on silica ^1 (eluted with 90/10 hexanes/ethyl acetate) afforded 2- 

cyclohexyloxy-4-(methylsulfonyl>5-(4-chlQrophenyl)-6-(2,4-dicmorophenyl)pyrimidine(High^ 
Rf product): iH-NMR 500 MHz (COas): 5 1.30 (m, 5H), 1.45 (m, IH), 1.55 (m, IH), 1.64 

(m, IH), 1.75 (m, IH). 1.90 (m, IH). 2.15 (m. IH). 3.38 (s. 3H). 5.09 (m. IH). 7.0 (d. J=7 Hz. 
IH), 7.18-7.22 (m. 4H), 7.36 (d over m, J-2 Hz, 2H); and 2-methylsulfonyl-4-cyclohexyl-oxy-5- 
25 (4^;hlorophenyl)-6-(2,4-dichlorophaiyl)pyrimidine (Lower Rf product): iH-NMR 500 MHz 
(COas): 8 0.87-0.9 (m, IH), 0.95-1.07 (m, 2H), 1.1-1.3 (m. 2H), 1.33 (m, 2H), 1.7-1.82 (m, 

4H), 3.40 (s, 3H), 4.37 (d, J=6 Hz, ZH), 7.08 (d, J=8 Hz. 2H). 7.12 (d. J=8 Hz. IH), 7.22-7.30 
(m, 3H), 7.37 (d, 1=2 Hz, IH). 
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StepB: 



2-Cyclohexyloxy-4-isopropoxy-5-(4-chlorophenyl)-6^ 
dichlorophenyDpypTTiiriiTie 



2-Cyclohexyloxy-4-(methylsulfonyl>5<4-cUorophenyl)-6^ 

(Higher Rf product) (Example 52, Step A), (26 mg, 0.05 mmol) was reacted with 1 equivalent 

5 each of n-butyl lithimn and isopropanol by the procedure described in Reference Examples 6 and 

7. Workup and flash column chromatography on silica gel (eluted with 95/5 hexanes/ethyl 

acetate) afforded 2-isopropoxy-4-methylsulfonyl-5-(4-chlorophenyl)-6-(2,4- 

dichlorophenyl)pyiimidine and 2-cyclohexyloxy)-4-isopropoxy-5-(4-chlorophenyl)-6-(2,4- 
dichlorophenyl) pyrimidine (HRf product): HPLCyMS: m/e=493 (M^+ 1); Rt = 5.26 min. iH- 

10 NMR 500 MHz (CDCI3): 8 0.9 (m, IH), 1.30 (m, IH), 1.35 ) d, 1=6 Hz, 6H), 1.42 (m, 2H), 

1.65 (m, 3H), 1.90 (m, 2H), 2.15 (m, 2H), 5.03 (m, J=4 Hz, IH), 5.47 (qn, J= 6 Hz, IH), 7.03 (d, 
J=7 Hz, IH), 7.10 (d, J=8 Hz, IH), 7.18 (m, 4H), 7.32 (d, J=2 Hz, IH). 



2-G.4-Difluorophenoxv)-4-cvclohexvloxv-5«(4-chlorophenvlV6-(2>4-dichlQi inphftn 

2-(Methylsulfonyl)-4-(cyclohexyloxy)-5-(4-chlorophenyl)-^2,4-dichloro^ 

(Lower Rf product) (Example 52, Step A), (26 mg, 0.05 mmol) was reacted with 1 equivalent 

each of n-butyl lithium and 3,4-difiuorophenol by the procedure described in Reference 

20 Examples 6 and 7. Workup and flash column chromatography on silica gel (eluted with 95/5 
hexanes/ethyl acetate) afforded title compound. HPLC/MS: in/e=563 (M^+ 1); Rt = 5.25 min. 

IH-NMR 500 MHz (CDCI3): 1.28-1.40 (m, 4H), 1.55 (m, 3H), 1.65 (m, 2H), 1.90 (m, 2H), 5.03 
(m, J=4 Hz, IH), 7.05 (m, 4H), 7.10 (m, 5H), 7.34 (d, J=2 Hz, IH). 

25 EXAMPLE 54 



EXAMPLE 53 



15 
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2-(3,4-Difluorobenzyloxy)-4-cyclohexyloxy-5-(4-chlorophenyl)-6-(2,4- 

dichlorophe nY^)PY""^'^^"^ — 

2-(Methylsulfonyl)-4-(cyclohexyloxy)-5<4<morophenyl)-6-(2,4-<ticWorophenyl)p 

5 (LRf product) (Example 52, Step A), (24 mg, 0.045 mmol) was reacted with 1 equivalent each of 
n-butyl lithium and 3,4-difluoTobenzyl alcohol by the procedure described in Refecmce 
Examples 6 and 7. Workup and flash column chromatography on silica gel (eluted with 93/7 
hexanes/ethyl acetate) afforded the title compound. HPLCTMS: m/e-Sll (M*+ 1); Rt = 5.34 
min; iH-NMR 500 MHz (CDCI3): 1.28-1.40 (m, 3H), 1..4a-1.55 (m, 2H), 1.50-1.60 (m, 2H), 

10 1.60-1.70 (m. 2H), 1.8-1,90 (m, 2H), 5.26 (m. J=4 Hz, IH), 5.40 (s, 2H), 7.03 (d, J=8 Hz, 2H), 
7.05 (d, J=l Hz), 7.15-7.27 (m, 5H), 7.34 (d over multiplet, J=2 Hz, 2H). 



EXAMPLE 55 




15 2.4-bis(CvcloptopvlmethvloxvV5-(4-chlorophenvlV6-(2.4-dichlor ophenvnpvrimidine 

2,4-bis(methylsulfonyl)-5-[4-chlorophenyl]-6-[2, 4-dichlarophenyl] pyrimidine (Reference 
Example 5) (98 mg, 0.25 mmol) was reacted with 1.1 equivalent each of n-butyl lithium and 
cyclopropyhnethanol by the procedure described in Reference Examples 6 and 7. Workup and 
flash column chromatography on silica gel (eluted with 90/10, then 70/30 hexanes/ethyl acetate) 

20 afforded the following products: 2,4-bis(cyclopropyloxy>5-(4-chloiophenyl)-6-(2,4-dichloro- 
phenyl)pyrimidine (Hi^er Rf product): iH-NMR 500 MHz (CDQs): 6 0.34 (m, 2H), 0.41 (m. 

2H), 0.60 (m, 2H), 0.65 (m. 2H), 1.30 (m, IH). 1.40 (m, IH), 4.24 (d. J=7 Hz, 2H), 4.35 (d, J=7 
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Hz, 2H), 7.05-7.15 (m, 3H), 7.20-7 (m, 3H), 7.35 (d, J=2 Hz, IH); and 2-cyclopropyloxy-4- 
methylsulfonyl-5-(4-cWorophenyl)-6-(2,4-dicMor(>-phenyl)pyrimidine (Middle Rf product): iH- 
NMR 500 MHz (CDas): 5 0.41 (d, J=5 Hz, 2H), 0.69 (d, J=5 Hz, 2H), 1.40 (m, IH), 3.77 (d, 

J=l Hz, 2H), 4.31 (d. J=7 Hz, 2H), 6.98 (d, J=8 Hz, IH). 7.18 (m, 3H), 7.25 (m. 2H), 7.35 (d. 
S J-2 Hz, IH); and 

2-methylsulfonyl-4-cyclopropyloxy-5-(4-cW(m>phenyl)-6-(2,4-dicWorophenyl)pyriniidi^^ 
(Lower Rf product): iH-NMR 500 MHz (CDas): 6 0.41 (m, 2H), 0.65 (m, 2H), 1.35 (m, IH), 

3.41 (s, H). 4.43 (d, J=7 Hz, 2H), 7.12 (m, 3H), 7.26 (m, IH), 7.30 (m. 2H), 7.39, (d, J=2 Hz, 
IH). 

10 

EXAMPLE 56 




2-Cvclopropvloxv-4-f3-pvridvloxvV5-f4-chlQrophenvlV6-r2.4-dicMor nphftiiYl)pYriinidme 

15 2-Cyclopropyloxy-4-methylsulfonyl-5-(4-cUorophenyl)-6-(2,4-dicMorophenyl)pyri^ 

(Middle Rf product) (Example 55, Step A), (28 mg, 0.06 mmd) was reacted with 1 equivalent 
each of n-butyl lithium and 3-hydroxypyridine by the procedure described in Reference 
Examples 6 and 7. Workup and flash column chromatography on silica gel (eluted with 80/20 
hexanes/ethyl acetate) afforded the title compound. HPLC/MS: m/e=A9% (M*-l); Rt = 4.30 min. 

20 IH-NMR 500 MHz (€©03): 5 0.30 (m. 2H), 0.59 (m, 2H), 1 .26 (m, J=5 Hz, IH), 4.09 (s. 2H), 
7.18-7.30 (m, 6H), 7.36 (d. J=2 Hz. IH), 7.40 (dd, J=7 Hz. J=5 Hz, IH). 7.57 (d. J=7 Hz, IH), 
8.53 (d, J= 5Hz, 2H). 

EXAMPLE 57 
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• 




2-(N-PyrroUdinvn-4-cvclopropvloxv-5-(4-chlorophenvlV6-(2,4^ 
2-Methylsulfonyl-4-cyclopropyloxy-5-(4-cWorophenyl)-6-^^^ 

(LowerRf product). (Example 55, Step A), (12 mg, 0.024 mmol) was reacted by the procedure 

5 described in Example 31, Step A overnight with excess pyrrolidine at room temperature. 

Workup by removing excess pyrrolidine under vacuum and flash column chromatography on 

silica gel (eluted with 85/15 hexanes/ethyl acetate) afforded the title compound. HPLC7MS: 
m/e=476 (M'+l); Rt = 4.29 min. iH-NMR 500 MHz (CDCI3): 6 033 (m, 2H), 0.59 (m, 2H), 

1.30 (m, J=5 Hz, IH), 2.02 (bs, 4H) 3.64 (bs, 4H), 4.24 (s, 2H), 7.03 (d, J=7 Hz, 2H), 7.16 (m, 
10 4H), 7.30 (m, IH), 



EXAMPLE 58 




2.4"bisr[sopropvloxvV5-(4-chlorophenvlV6-(2.4-dichlorophenvDpvrimi 

15 The title compound was obtained by treating 2,4-bis(methylsulfonyl)-5-[4-chlorophenyl3-6-[2, 4- 

dichlorophenyl]pydmidine (Reference Example 5) (250 mg, 0.5 mmol) with 1.1 equivalent each 

of n-butyl lithium and isopropanol by the procedure described in Reference Examples 6 and 7. 

Workup and flash column chromatography on silica gel (eluted with 90/10, then 70/30 

hexanes/eihyl acetate) afforded the following products: the desired 2,4-bis(isopropyloxy>5-(4- 

20 cUorophenyl)-6<2,4-dichlorophenyl)pynmidine (ffi^erRf product): iH-NMR 500 MHz 
(CDCI3): 6 0.94 (d. J=7 Hz, 6H). 1.05 (d, J=7 Hz, 6H). 2.05 (qn, J=7 Hz, IH), 2.18 (qn, J=7 

Hz, IH), 4.17 (d, J=7 Hz, 2H), 4.19 (d, J=7 Hz, 2H), 7.05 (d, J=7 Hz, 2H), 7.12 (d, J=7 Hz, IH), 
7.17-7.21 (m, 3H), 7.35 (d, J=2 Hz, IH); 24sopropyloxy-4-methylsulfonyl-5-(4-chlorophenyl)- 
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6-(2,4-dicMoiophenyl)pyriimdme (Middle Rf product): iH-NMR 500 MHz (CDCI3): S 1.12 (d, 

J=7 Hz, 6H), 2.25 (qn, J=7 Hz, IH), 3.41 (s, 3H), 4.27 (d, J=7 Hz, 2H), 7.03 (d, J=7 Hz,lH), 7.20 
(m, 3H), 7.27 (m, 2H), 7.39 (d, J=2 Hz, IH); 2-meaiylsuIfonyl-4-isopropyloxy-5-(4- 

chlorophenyl) -6-(2,4-dichloiophenyl)pyriimdiiie CLx>wer Rf product): iH-NMR 500 MHz 
5 (CDCI3): 8 0.96 (d, J=7 Hz, 6H), 2.07 (qn, J=7 Hz, IH), 3.41 (s, 3H), 4.34 (d, J=7 Hz, 2H), 

7.08-7.12 (m, 3H), 7.22 (d, Ul Hz, IH). 7.28 (m, 2K0, 7.39 (d, J=2 Hz, IH). 

EXAMPLE 59 




10 2-Q.4-Difluoiobenzvloxv^-4-(4<MorophenvlV5-(2.4-dichlorophenvl> pY""'''^^"^ 
To a 25 mL round bottom flask fitted with a stirrer bar was added 3 mL DMF, 3,4- 

difluorobenzyl alcohol (113.3 mg, 0.79 nomol) and sodium hydride (60% in oil, 52.4 mg, 1.31 
mmol). The flask was flushed with N2, stoppered with a rubber septum and 2-methylthio-4-(4- 

chlQrophenyl)-5-(2,4-dichloiophenyl) pyrimidine (lOOmg, 0.26 mmole) from Reference 

15 Example 3 was added via syringe in 500 /tL of DMF for 90 min. Aqueous ammonium chloride 

was added, the mixture extracted with ethyl acetate (3X) and the combined organics dried over 
anhydrous MgS04. The solution was filtered and the volume reduced by rotoevaporation. Flash 

column chromatography on silica gel (eluted with 96/4 hexanes/etiiyl acetate) afforded 2-(3,4- 

difluorobenzyloxy)-4-(4-chlorophenyl)-5-(2,4-dichlorophenyl) pyrimidine (HRf): HPLC/MS: 
20 wfe = 478 (M*+l); Rt = 4.85 min; iH-NMR 400 MHz (GDQs): 5.49 ( s, 2H), 7.1-7.12 (d, J = 9 

Hz, 2H), 7.14-7.25 (m, 5H), 7.26-7.40 (m. 2H), 7.43 (s, IH), 8.48 (s, IH) and 2-(3,4- 
difluorobenzyloxy)-4-(4-cUorophenyl)-5-(2-cUQro-4-thiorDethylphenyl)-pyrimidine(LRf): 
HPLC/MS: ni/e - 489 (M*+l); Rt = 4.74 min; iH-NMR 400 MHz (CDOs): 8 2.45 (s, 3H), 5.55 

(s, 2H), 7.1-7.18 (d, 2H), 7.2-7.6 (m, 8H), 8.42 (s, IH). 

25 

EXAMPLE 60 
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CI CI 



CH3S 




10 



2-(4-CMorobenzvloxvV4-^4-cMoiophenvlV5-(2.4-dicMorophenvl^^ 

2-MethyltMo-4-(4K;Moiophenyl)-5-(2,4HiicUon>phenyl)pyiimid^ from Reference Example 3 
was reacted with 4-chloiobeiizyl alcohol according to the procedure described in Example 59 to 
afifoid 2-(4-cMorobenzyloxy)-4-(4-chloro-phCTyl)-5-(2,4-dicMorophenyl)pyrimidine (HRf): 
HPLC/MS: m/e - 475 (M^+l); Rt = 5.01 min; iH-NMR 400 MHz (C3X:i3): 5.55 (s, 2H), 7.1 

(d, J = 9 Hz, IH), 7.25-7.3 (m, 4H), 7.15-7.20 (m, 3H), 7.43 (m, 3H), 8.45 (s, IH) and 2-(4- 
chlorobenzyloxy)-4-(4-chlorophenyl)5-(2-chloro-4-thiomethylphenyl) pyrimidine (LRf): 
HPLC/MS: m/e - 487 (M^+1); Rt = 4.91 min; iH-NMR 400 MHz (CDCI2): 8 2.52 (s, 3H), 

5.55 (s, 2H), 7.15 (d. J = 6 Hz, 2H), 7.25-7.30 (m, 3H), 7.55 -7.40 (m, 4H), 7.45 (m, 2H), 8.42 (s, 
IH). 



EXAMPLE 61 




15 2-f3.4-DicMorobenzvloxv^-4-(4-cMorophenvlV5-f2.4-dicMorf ^h<^YlVvriniidi 

2-Methylthio-4-(4-chlQrophenyl)-5-(2,4-dichlorophrayl)pyrimidine from Reference Example 3 
was reacted with 3,4-dichlQrobenzyI alcohol according to the procedure described in Example : 
to afford 2-(3,4-dicMoiobenzyioxy)-4-(4-cMorophCTyl>5-(2,4-didilQrophenyl)pyri^ 
(HRf): HPLC/MS: m/e = 509 QA^+i); Rt = 5.14 min; iH-NMR 400 MHz (CDCI3): 5 5.56 (s, 

20 2H), 7.12 (d, J = 9 Hz, IH), 7.22-7.25 (m, 4H), 7.27-7.40 (m, 3H), 7.28 (m. IH), 7.68 (d. J = 2 
Hz, IH), 8.45 (s, IH). 

EXAMPLE 62 
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243-iquQrobenzvloxv^-4-(4-<;MorophaivlV5-(2.4-<iicMorophen Y^)pY"™^^ 
2-Methylthio-4-(4-chlorophenyl)-5-<2,4-dicWorophenyl)pyriimd^^ from Reference Example 3 

was reacted with 3-£luoFobeDzyl alcohol according to the procedure described in Example S9 to 
5 afford 2-(3-fluorobenzyloxy)-4-(4-chloro- phenyl)-5-(2,4-dichlorophenyl)pyriinidme(HRf): 

HPLC/MS: m/e = 459 (M*+l); Rt = 4.77 min; iH-NMR 500 MHz (CDQa): 8 5.58 (s, 2H), 7.15 

(d, J = 9 Hz, IH), 7.29-7.4 (m, lOED. 8-48 (s, IB^ and 2-(3-fluorobenzyloxy>4-(4-chlorophenyl)- 
5-(2-chloro-4-thiomethylphenyl)pyiimidine (LRf): HPLC/MS: m/e = 471 (M*^+l); Rt - 4.63 

min; iH-NMR 500 MHz (CDCis)'. 5 2.50 (s, 3H), 5.60 (s, 2H), 7.15 (d, J = 7 Hz, 2H), 7.26- 
10 7.40 (m, 6H), 7.50 (m, 2H), 7.58 -7.40 (m. IH), 8.42 (s, IH). 



EXAMPLE 63 




2-f3-Chlorobenzvloxv')-4-(4-chlQrophenvlV5-(2.4-dichlorophenvl Y^"^<dine 
15 2-Miethylthio-4-(4-chloroph«iyl)-5-(2,4-dichlorophenyl)pyrimidine from 

Reference Example 3 was reacted with 3-chlorobenzyl alcohol according to the procedure 
desaibed in Example 59 to afford 2-(3-chlorob«izyloxy)-4-(4-chlorophenyl)-5-(2,4- 
dichlorophenyOpyrimidine (HRf): HPLC/MS: m/e = 475 (M*+l); Rt = 4.92 min; iH-NMR 4 
MHz (CDQa): 8 5.58 (s, 2H), 7.15 (d, J = 9 Hz, IH), 7.25-7.38 (m, 7H). 7,40-7.50 (m, 2H). 

20 7.58 (s, IH), 8.48 (s, IH). 

« 

EXAMPLE64 
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2-(4-HuorobenzyloxyM"(4-cMoiDphenvlV5-(2>4-dicMorophen^ 

2-Methyl11iio-4-(4-cMorophenyl)-5-(2»4*dicUoix)phen^ from Reference Example 3 

was reacted with 4-fluorobenzyl alcohol according to the procedure described in Example 59 to 

5 afford 2-(4-fluorobenzyloxy)"4-(4-cUoro-phenyl)-5-(2,4-dicWorophenyl)pyri^ (HRf): 
HPLC/MS: m/e = 459 (M'+l); Rt = 4.80 min; iH-NMR 500 MHz (CDas): 5 5.58 (s, 2H), 

7.05-7.15 (m, 3H), 7.23-7.30 (m, 3H), 7.39 (d, J = 9 Hz, 2H), 7.41-7.49 (m, IH), 7.50-7.58 (m, 
2H), 8.48 (s, IH). 

10 EXAMPLE 65 




2-(a-methvl-4-fluorobenzyloxy-)-4-(4-chlorophenylV5-(2.4-dichlorophenyDpy ri 

2-MethyltUo-4-(4-cUoiophenyl)-5-(2,4-dicMoiophenyl)pyriiDidine from Reference Example 3 

IS was leacted with a-methyl-4-£luorobenzyl alcohol according to the procedure described in 

Example 59 to afford 2-(a-methyl-4-fluoroben2yloxy-)-4-(4-chlorophenyI)-5-(2,4- 
dichlorophenyl)pyrimidine. (EiRf): HPLC/MS: m/e = 473 (^■¥l)\ Rt » 4.91 min; iH-NMR 

400 MHz (CDQs): 8 1.78 (d, J = 9 Hz, 3H), 6.22-6.30 (dd, J = 6 Hz, J = 9 Hz, IH), 7.02 (m, 
3H), 7.20-7.25 (m, 5H), 7.50-7.59 (m, 3H). 8.40 (m, IH). 

20 

EXAMPLE 66 
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24'a-Methvl-4-fluQrobenzvloxvl-4-(2.4-dichl(TO]phenvlVS-(4-cMorophenvl> p^ 
2-Methylthio-S-(4-cMoi»phenyl)-4-(2,4-dicUoiophenyl)pyrimi^ £coin Reference Example 3 
was reacted with o&-methyl-4-fluoiobenzyl alcohol accoiding to the procedure described in 
5 IBeample 59 to afford 2-(a-methyl-4-fluorobenzyloxy)-4-(2,4-dichlorophenyl>5-(4- 

chlorophenyl)pyrimidine (iJRf): HPLOMS; m/e = 473 (M^+1); Rt = 4.80 min; iH-NMR 400 
MHz (CDCI3): 5 1.76 (d, J = 9 Hz, 3H), 6.22-6.30 (dd, J = 6 Hz, J = 9 Hz, IH), 6.90-7.05 (m. 

4H), 7.15-7.18 (d, J = 9 Hz, 2H), 7.21-7.23 (m, 3H), 7.38 (d, IH), 7.45-7.52 (m, 2H), 8.58 (m, 
IH). 

10 

EXAMPLE 67 




2-(3-Pvridvlmethoxv'>-4-(2.4-dichlorophenvlV5-(4-chlQrophenv l'>pY"™^"^- 
2-Methylthio-5-(4-chlorophenyl)-4-(2,4-dichlQiophenyl)pyiimidine from Refosnce Exanq>le 3 

15 was reacted with 3-pyndinemethanol acoMrding to the procedure described in Example 59 to 
afford 2-(3-pyridylmethoxy)-4-(2,4-dichlorophenyl>5-(4-chlarophenyl)pyrimidine (HRf): 
HPLC/MS: m/e = 442 (M*+l); Rt = 3.01 min; iH-NMR 500 MHz (0X33): 8 5.61 (s, 2H), 7.05 

(d, J = 9 Hz, 2H), 1.15-122 (m, IH), 7.24-7.32 (m, 4H), 7.50-7.58 (m, IH), 7.60 (m, IH), 7.62- 
7.63 (m, IH), 8.45 (m, IH), 8.83 (s, IH). 

20 

EXAMPLE 68 
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2-(w-BttWloxv)-4-(2.4-KiicMoiDphenvlV5-(4-<Moi:ophienyl'>p^"''^^"''- 
2-M6thylthio-S-(4-cUorophenyl)-4-(2,4-dichlo]x>phenyl)pynimdm from Reference Exaiiqfle 3 
was reacted with n-butanol according to the procedure described in Example 59 to afford 2-(n- 

5 butyloxy)-4-(2,4-dichlorophenyl)-5-(4-chlorophenyl)pyrimidine (HRf): HPLC/MS: m/e = 407 
(M*+l); Rt = 4.80 min; iH-NMR 400 MHz (CDCls): S 1.00 (t, 3H), 1.50-1.6 (m, 2H), 1.80- 

1.85 (m, 2H), 4.41-4.44 (t, 2H), 7.01 (d. J « 9 Hz, 2H), 7.21-7.25 (m, 5H), 8.58 (s, IH). 

EXAMPLE 69 



10 




2-(2.4-Dichlorobenzvloxy'>-4-(2.4-dichlorophenvlV5-(4-chlOTophenylVyriniidiTie 

2-Methylthio-5-(4-chlorophenyl)-4-(2,4-dichlorophenyl)pyrimidine from Reference Example 3 
was reacted with 2,4-dichlorobenzyl alcohol according to the procedure described in Example 59 

to afford 2-(2,4-dichlorobenzyloxy)-4-(2,4-dichlorophenyl)-5-(4-chlorophenyl)pyrimidine 
15 (HRf): HPLCYMS: m/e = 509 (M^+1); Rt = 5.07 min; iH-NMR 400 MHz (CDCI3): 8 5.60 (s, 

2H), 7.04 (d, J = 9 Hz, 2H), 721 (m. 6H), 7.38-7.42 (m, IH), 7.60 (d, J = 9 Hz, IH), 8.60 (s, 
IH). 

EXAMPLE 70 
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2-(CyclohexvlinetfaoxvV4-(2.4-KiicMorophenvlV5-(4-cMorop heTiyl\py^ 
2-MBthyltMo-5-(4-chloit>phenyl)-4-(2,4-dicUorophenyl)pyn^ from Reference Exan^le 3 
was leacted with cyclohexylmetiianol according to the proceduie desciibed in Example 59 to 
5 afford 2-(cyclohexyhnethoxy)-4-(2,4-dicMorophenyl)-5-(4-cWorophenyl)pyrimidine (HRf): 
HPLC/MS: mJe - 447 (M*+l); Rt = 5.17 min; iH-NMR 400 MHz (CDCls): 8 1.02-1.20 (m, 

2H), 1.20-1.40 (m, 4H), 1.64-1.80 (m, 3H), 1.81-1.98 (m. 2H), 4.23 (d, J = 9 Hz. 2H), 7.01 (d, J 
= 9 Hz, 2H), 7.22-7.30 (m, 4H), 7.38 (d, J = 2 Hz,lH), 8.58 (s, IH). 



10 



EXAMPLE 71 




CI 



15 



2-(3.5-Dichlorobenzvloxv'>-4-(2.4-dichlorDPhaivlV5-(4-chlorophenvl )pYrimidine 
2-Methylthio-5-(4-chlorophenyl)-4-(2,4-dichloiophenyl)pyrimidine from Reference Example 3 
was reacted with 3,5-dichlorobenzyl alcohol according to the procedure described in Example 59 
to afford 2-(3,5-dicWorobenzyloxy)-4-(2,4-dichlorophenyl)-5-(4-chlorophenyl)pyiimidine 
(HRf): HPLCTMS: m/e = 510 (M*^+l); Rt = 5.12 min; iH-NMR 400 MHz (CDQa): S 5.45 (s, 

2H), 7.03 (d. J = 9 Hz, 2H), 7.21-7.40 (m, 6H), 7.42 (d, J = 2 Hz, 2H), 8.60 (s, IH). 



EXAMPLE 72 
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2-(6-Chloro-3-pvridvlmethoxv)-4-(2.4-dicMorophenvlV5-(4-^^ 

2-Methylthio-5-(4-chlorophenyl)-4-(2,4-dicUorophenyl)p}^^ from Reference Example 3 

was reacted 6-chloro-3-pyndinemethanol according to the procedure described in Example 59 to 

5 afford 2-(6-cMoro-3-pyridylmethoxy)-4-(2,4-KJicUorophenyl)-5-(4K^ 

(HRf): HPLC/MS: m/e = 476 0^+1); Rt = 4.45 min; iH-NMR 400 MHz (C3DCI3): 8 5.51 (s, 

2H), 7.05 (d. J = 9 Hz, 2H), 7.20 (d, J = 9Hz, IH), 7.25-7.30 (m, 4H). 7.38-7.40 (m, IH), 7.85 
(m, IH), 8.55 (d, J = 2 Hz, IH), 8.60 (s, IH). 

10 EXAMPLE 73 




2^(nLn[-dinifithyl -4-fluorobeiizvloxv)4-(2.4-dicMorophenvlV5-(^ 

2-Methylthio-5-(4-cMorophenyl)-4-(2,4-dicMorophenyl)pyrimidm from Reference Example 3 

was reacted with a,a"dimethyl-4-fluorobenzyl alcohol according to the procedure described in 

15 Example 59 to afford 2-(a,a-dimethyl-4-fluorobenzyloxy>4-(2,4-dichlorophenyl>-5-(4- 

chlorophenyl)pyrimidine (HRf): iH-NMR 500 MHz (CDCI3): 6 1.91 (s. 6H), 6.90-7.00 (m, 5H), 

7.20-7.25 (m, 3H), 7.30 (s, IH), 7.41-7.45 (m, 2H), 8.40 (s, IH). 

EXAMPLE74 
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2-(4-Huorophenvloxv^-4-(2.4-dicMQrDphenvlV5-(4-cMoiophenY l)pyrimi Hine 

To a 5 mL iound bottom flask fitted with a stiirer bar and septum was added 2 mL CH3CN and 

2-methylsulfonyl-4-(2,4-dichlorophenyl>5-(4-chlorophenyl) pymmdine from from Reference 
5 Example 3 (100 mg, 0.24 mmol). Then 4-fluorophenol (10 eq., 269 mg, 2.4 mmol), K2CO3 (2 

eq., 66.3 mg, 0.48 mmol) and a drop of tris[2-(2-methoxyethoxy)-€thyl]amme ware added via 
syringe and the mixture heated at 70°C for 2 h. By HPLC/MS, the starting material was 
converted to the desired product. The product was ^tracted from 10 mL water with 20 mL ethyl 
acetate, dried over anhydrous MgS04, filtered and the solvent removed under reduced pressure. 

10 Flash coluimi chromatography on silica gel (elated with 90/10 hexanes/ethyl acetate) afforded 2- 
(4-fluorophenyloxy)-4-(2,4-dichlorophenyl)-5-(4-chlQrophenyl) pyrimidine: HPLC/MS: wJe - 
445 (IVT+l); Rt = 4.53 min; iH-NMR 400 MHz (OJCls): 5 7.02 (d, J = 9 Hz, 2H), 7.20-7.40 

(m, 9H), 8.80 (s, IH). 
15 EXAMPLE 75 




2-(3-FluoroDhenvloxvV4-(2.4-dichlorophenvlV5-(4-chlQrophenvnpv riTniHinft 
2-Methylsulfonyl-4-(2,4-dichlorophenyl)-5-(4-chlorophenyl) pyrimidine from Reference 
Example 3 was reacted with 3-fluorophenol according to the procedure described in Example 74 
20 to afford 2-(3-fluorophenyloxy)-4-(2,4-dichlorophenyl>5-(4-chlorophenyl)pyrimidine: 

HPLC/MS: m/e = 445 (M'+l); Rt = 4.50 mm; iH-NMR 400 MHz (CDCI3): 8 7.05. (m, 3H), 

7.21-7.30 (m, 6H), 7.38-7.42 (m, 2H), 8.60 (s. IH). 

EXAMPLE 76 
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2-G.4-DifluorophenvloxvV4-(2.4-dicMorophenvlV5--(4-<;Moropb ^Y^)P^ 
2-Methylsulfonyl-4-(2,4-dichlQn>phenyl>-5-(4-chloiophenyl) pynmidine £roin Reference 

Example 3 was reacted with 3,4-difluoiophenol accordmg to the procedure described in Example 
74 to afford 2-(3,4-difluorophenyloxy>4-(2,4-dichlorophenyl)-S-(4-chlorophenyl)pyiimidine: 
HPLC/MS: m/e = 463 (Nf +1); Rt = 4.60 min; iH-NMR 400 MHz (CDCI3): 5 7.05. (m, 3H). 

7.19-7.30 (m, 6H), 7.39 (d, J = 2 Hz, IH), 8.60 (s, IH). 

EXAMPLE 77 




2-(3-Chlorophenvloxv')-4-f2.4-dichlarophenvlV5-(4-chlorophenvDp YriTnidine 

2-Nfethylsulfonyl-4-(2,4-dichlorophenyl>5-(4-chlorophenyl) pynmidine from Reference 

Example 3 was reacted with 3-chlorophenol according to ih& procedure described in Example 74 

to afford 2-(3-chlorophenyloxy)-4-(2,4-dichlorophenyl)-5-(4-chlorophenyl)pyriinidine: 
HPLC/MS: m/e = 461 (M'+l); Rt = 4.72 min; iR-NMR 400 MHz (CDCI3): 8 7.00-7.12. (m, 

2H), 7.11-7.18 (m, 2H), 7.20-7.30 (m, 7H), 8.60 (s, IH). 

EXAMPLE 78 
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2-^4-Methoxvphenvloxv^-4-f2.4-dicMoit)phenvIV5-(4-cMor »phft"Yl>PY"mi^ 
2-^fcthylsulfonyl-4-(2,4-dicUorophenyl)-5-(4<hlorophenyl) pytimidine from Reference 
Example 3 was leacted with 4-methoxypheiiol according to the procedue described in Example 
5 74 to afford 2-(4-methoxyphenyloxy)-4-(2,4-dichlorophenyl)-5-(4-chlorophenyl)pyrimidine: 
HPLOMS: m/e = 457 (M'+l); Rt = 4.50 min; iH-NMR 500 MHz (CDQa): 8 3.85 (s. 3H), 6.95 

(d, J = 9 Hz, 2H), 7.05. (d, J = 9 Hz, 2H), 7.21 (d, J = 9 Hz, 2H), 7.25-730 (m, 4H), 7.39 (d. J = 
2 Hz, IH), 8.60 (s, IH). 

10 EXAMPLE 79 




2-(3-PvridvloxvV4-f2.4-dicMarophenvlV-5-(4-chlorDPl [|ftnYl)pYrimidine 
2-Methylsulfonyl-4-(2,4-dichlorophenyl)-5-(4-chlorophenyl) pyiimidine from Referaice 
Efcample 3 was reacted with 3-hydtoxypyridine according to the procedure described in Exanqple 
15 74 to afford 2-(3-pyridyloxy)-4-(2,4-dichlorophenyl>5-(4-chlorophenyl)pyrimidine: 

HPLC/MS: m/e = 428 (M*+l); Rt = 3.49 min; iH-NMR 400 MHz (CDQa): 5 7.05 (d, J = 9 

Hz, 2H), 7.19-7.30 (m, 4H), 7.38-7.42 (m, 2H), 7.65 (m, IH), 8.55 (d, J = 6 Hz, IH), 8.60 (s, 
IH), 8.65 (d, J = 2 Hz, IH). 

20 EXAMPLE80 
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2-(5«CMoro»3"pvridvloxv^-4-(2>4-KiichlorophenvlV5-(4-cMoro^ 

2-Methylsulfonyl-4-(2,4-dichlorophenyl>5-(4<:W from Reference 

EKample 3 was reacted with S-chloro-3-hydioxypyridine according to the procedure described in 

5 Example 74 to afford 2-(5-chloro-3-pyiidyloxy)-4-(2,4-dichlorophenyl)-5-(4- 

chlorophenyl)pyiimidine: HPLC/MS: m/e = 462 (M^+1); Rt = 4.40 min; iH-NMR 400 MHz 

(CDCI3): 5 7.05. (d, J = 9 Hz, 2H), 7.21 (d, J = 10 Hz, IH), 7.25-7.31 (m, 3H), 7.41 (s, IH), 7.75 
(s, IH), 8.50 (s, IH), 8.55 (s, IH), 8.62 (s, IH), 

10 EXAMPLE 81 




2-Q^-f4-Huo^obeny^am^do^^-4-(24-dicMorophenvlV5-(4-cMorophenvD^ 

' To a 25 mL round bottom flask fitted with a stirrer bar and rubber septum was added 2-amino-4- 

(2,4-dicMorophenyl)-5-(4-cMorophenyl)pyrimidine from Example 8 (100 mg, 0.28 mmol) and 3 

15 mL pyridine. 4-Fluorobenzoyl chloride was added to the reaction. The reaction mixtures were 

heated to 70^C for overnight Ethyl acetate and water were added. The organic layer was 
washed with water and brine and thra dried over anhydrous MgS04, filtered, and the solvent 

removed under reduced pressure. The cmde product was chromatographed by flash column 
chromatography on silica gel (eluted with 80/20 hexanes/ethyl acetate) to afford 2-(N-(4- 
20 fluorobenzamido))-4-(2,4-dichlorophenyl)-5-(4-cMorophenyl)pyrimidine HPLC/MS: m/e = 
472 0^+1). Rt = 3.79 min; iH-NMR 400 MHz (CDCI3): 8 7.10 (d. J = 9 Hz, 2H). 7.15-7.31 

(m, 5H), 8.02-8.15 (m, 4H), 8.80 (s, IH). 8.98 (s, IH). 



EXAMPLE 82 
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2-m-fCvclQhexvlcar ^^ia^i<^»>> 4-f2.4-dicMomphenvlV544-cMoiODheP Y!)p 
2-Aimno-4-(2,4-dichlorophenyl)-5-(4-cMoK)phenyl)pyriim from Example 8 was reacted 
with cyclohexane-caibonyl chloride according to the procedure described in Example 81 to 
5 afford 2-(N<cyclohexylcarix>x-amido))-4K2,4-dicMorophenyl)-5-(4-chlorophenyl)pyrimidin^ 
HPLC/MS: m/e = 460 (I^+l). Rt = 4.24 min; iH-NMR 400 MHz (CDCla): 6 1.35-1.40 (m, 

2H), 1.55-2.05 (m, 7H), 2.27 (m, IH), 7.05 (d, J = 9 Hz, 2H), 7.15-7.31 (m. 5H). 8.15 (s. IH), 
8.70 (s, IH). 

10 EXAMPLE 83 




2.4-bisfCvclobutvhnetfaoxvV5-(4-chloiophenvn-6-f2.4-dichlorophenvnp Yrimidine 
2,4-Bis(methylsulfonyl)-5-[4-chlorophenyl]-6-[2, 4-dichlorophenyl] pyiimidine (Reference 
Example 5) (600 mg, 1.22 mmol) was reacted with 1.1 equivalent each of n-butyl lithium and 
15 cyclobutanemethanol by the procedure described in Example 55 to afford 2,4-bis- 

(cyclobutylmethyloxy)-5-(4-chlorophenyl)-6-(2,4-dichlorophenyl)pyrimidine(HRf product): 
iH-NMR 400 MHz (CDQs): 1.80-2.20 (m, 12H), 2.61-2.80 (m, IH), 2.80-2.90 (m. IH), 4.20 

(m, 4H), 7.02 (d, J = 9 Hz. 2H), 7.10-7.20 (m, 4H), 7.31 (s, IH); 2-cyclobutylmethoxy-4- 
methylsulfonyl-5-(4-chlorophenyl)-6-(2,4-dichlorophenyl)pyrimidine (MRf product): iH-NMR 
20 400 MHz (CDCI3): 1 .90-2.00 (m, 4H), 2. 18-2.20 (m, 2H). 2.80-2.95 (m, IH), 3.37 (s, 3H), 4.45 

(d, J = 7 Hz, 2H), 7.00 (d, J = 8 Hz, 2H), 7.18-7.25 (m, 4H), 7.35 (s, IH); and 2-methylsulfonyl- 
4-cyclobutylmethoxy-5-(4-chlorophenyl)-6-(2,4-dichlorophenyl) pyiimidine (LRf product): iH- 
NMR 400 MHz (CDCI3): 5 1.60-2.00 (m, 4H), 2.05-2.10 (m, 2H), 2.70-2.80 (m, IH). 3.40 (s, 
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2H), 4.58 (d, J = 7 Hz, 2H), 7.02-7.15 (m, 3H), 7.20 (m, 3H), 7.30 (m, 2H), 7.39 (d, J = 2 Hz, 
IH). 



EXAMPLE 84 



10 



15 



20 




2X!yclobu1yMe1hoxy-4-(6-fluoK>-3-pyridyloxy)-5-(4^:W<m)phenyl)^^^ 

dichlorophftT>Yl>pYrimidine 

2-Cyclobiitylmefcoxy-4-methykulf<myl-5-(4-cWorophenyl)-6-(2,4^ 

(the MRf product firom Exanq)le 83), (30 mg, 0.06 mmol) was reacted with 2 equivalents each of 

n-butyl lithium and 3-hydioxy-6-fluQio-pyiidine according to the procedure described in 

Referaice Examples 6 and 7 to afford 2-cyclobutylmedioxy-4-(6-fluoro-3-pyridyloxy)-5-(4- 
chlarophenyl)-6-(2,4-dichloiophenyl)pyrimidine: HPLCMS: m/e = 530 Rt = 5.01 min. 

IH-NMR 400 MHz (CDCI3): 6 1.80-1.98 (m, 4H), 2.10-2.11(m, 2H), 2.74 (m, IH), 4.20 (d, J = 
7 Hz, 2H), 7.00 (m, IH), 7.13-7.18 (m, 2H), 7.20-7.30 (m, 5H), 7.63-7.68 (m, IH), 8.11 (m, IH). 

EXAMPLE85 




2-Cyclobutyhnethoxy-4-(5-chloro-3-pyridyloxy)-5-(4-chlOTophenyl)-6-(2,4- 

dichloropb ft"v1'>pvriniidine 

2-(^clobutyhnethoxy-4-methylsulfonyl-5-(4-cUorophenyl)-6-(2,4-dicMorophenyl)pyrinudine 
(the Mrf product from Example 83), (40 mg, 0.08 mmol) was reacted with 2 equivalents each of 
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n-butyl lithium and 3-hydioxy-5-chloio-pyridine according to the procedure described in 

Reference Examples 6 and 7 to afford 2-cyclobutylmethoxy-4-(5-chloro-3-pyridyloxy)-5-(4- 
chlorophenyl)-6-(2,4-dichlorophenyl)pyrimidine: HPLC/MS: m/e = 546 (M**+l); Rt = 5,20 min. 

IH-NMR 400 MHz (CDQa): 5 1.80-1.98 (m, 4H), 2J0-2.11(m, 2H), 2.74 (m, IH), 4.20 (d, J = 

5 7 Hz, 2H), 7.10-7.18 (m, 3H), 7.20-7.28 (m, 3H), 735 (d, J = 2 Hz, IH), 7.63 (m, IH), 8.05 (d, 
J=2 Hz, IH), 8.10 (d, J= 2 Hz, IH). 



10 2"Methvlsulfonvl-4-(3-pvridvloxvV5-(4-cMorophenvl)-6-(2,4-dicMorophenvDpv^^ 

To a SO mL round bottom flask fitted vdth a magnetic stirrer bar and rubber septum was added 
20 mL anhydrous THF (Aldrich) and 2,4-bis(methyl-sulfonyl)-5-(4-chlorophenyl)-6-(2, 4- 
dichlorophenyl)pyrimidine (Reference Example 5) (1.0 g, 2 nmiol). The flask was flushed with 
nitrogen and cooled to O^C. In a sqiarate flask, also fitted with a magnetic stirrer bar and rubber 

15 septum, was added 10 mL anhydrous TBDP and 3-hydroxypyridine (213mg, 2.24 nunol). This 

flask was'flushed with nitrogen and cooled to O^C. Then n-butyl lithium (1.12 mL, 2.24 mmol) 

(Aldrich -2M solution in hexane) was added via syringe and the solution stirred for several 

minutes. The lithium alkoxide solution was then withdrawn by syringe and slowly added to the 

first leaction flask. The solution was stirred at O^C for 1 h, quenched with saturated sodium 

20 bicarbonate and the reaction products extracted with ethyl acetate. The organic laya was dried 
over anhydrous MgS04, filtered and the solvent removed under reduced pressure. Hash columr 

chromatography on silica gel (eluted with 35/65 hexanes/ethyl acetate) afforded 2- 
methylsulfonyl-4-(3-pyridyloxy)-5-(4-cWorophenyl)-6-(2,4-dicWorophenyl)pyrim^ iH- 



NMR 500 MHz (CX>Cl3): 8 3.20 (s, 3H), 7.20-7.25 (m, 4H), 7.30-7.38 (m, 3H), 7.41 (m, IH), 
25 7.63-7.65 (m, IH), 8.53-8.55 (m, 2H). 



EXAMPLE 86 




EXAMPLE 87 



-127- 



wo 2004/029204 



PCT/US2003/030161 




2-OyclobutA^lmethoxv-4-(3"pvridvloxvV5-(4-cMoiophenvD^ 



10 



2-Methylsulfonyl-4-(3-pyridyloxy)-5-(4-cMorophenyl)-6-(^ 

Example 86 (50 mg, 0.1 mmol) was reacted with 2 equivalents each of n-butyl lithium and 

cyclobutyhnethanol by the procedure described in Reference Examples 6 and 7 to afford 2- 

cyclobutyhnethoxy-4-(3-pyridyloxy)-5-(4-cMorophenyl)-6-(2,4-dicUorophenyl)p5^^ 
HPLCTMS: m/e = 512 (M^+1); Rt = 4.40 min. iH-NMR 400 MHz (CXOa): 8 1.80-1.98 (m, 

4H), 2.10-2.11(m, 2H), 2.74(m, IH), 4.20 (d, J = 7 Hi, 2H), 7.00 (m, IH), 7.13-7.18 (m, 2H), 
7.20-7.30 (m, 5H), 7.63-7.68 (m, IH), 8.11 (m, 2H). 



EXAMPLE 88 




2-(2,2-Dimethylpropyloxy)-4-(3-pyadyloxy)-5-(4-cWQrophenyl)-6-(2^^ 

15 dichloroph enyl)pY"^^diiie 

2-Methylsulfonyl-4-(3-pyridyloxy)-5-(4-<:hlorophenyl)-6-(2,4^ 

Example 86 (30 mg, 0.06 mmol) was reacted with 2 equivalents each of n-butyl lithium and 
neopentyl alcohol by the procedure described in Reference Examples 6 and 7 to afford 2-(2,2- 
dimethylpropyloxy)-4-(3-pyridyloxy)-5-(4-cWorophenyl)-6-(2,4-dicWorophenyl^ 
20 HPLCMS: m/e = 514 (M^+1); Rt = 4.48 min. iR-NMR 400 MHz (CDCI3): 8 1.20-1.30 (s, 9H), 

3.88 (s, 2H), 7.15-7.28 (m, 7H), 7.40-7.43 (m, IH). 7.58-7.61 (m. IH), 8.52-8.56 (m, 2H). 

- 128 - 



i 



wo 2004/029204 



PCT/US2003/030161 



EXAMPLE 89 




2-f2-t-Butvloxv^-4-f3-pvridvloxvV5-(4-cMorophenvlV6-f2.4-dicMor "r^ftnYl)pYrimirii^ 

5 

2-Methylsiilfonyl-4K3-pyridyloxy)-5-(4-ddo«)phenyl>6-(2,4-dic^ 
Example 86 (30 mg, 0.06 mmol) was reacted with 2 equivalents each of n-butyl litiiiuin and t- 
butyl alcohol by the procedme desciibed in Reference Examples 6 and 7 to afford 2-(2-^ 
Butyloxy)4-(3-pyridyloxy)-5K4-cMoro-phenyl)-6-(2,4-dicWorophenyl)pyrimidin^^ HPLC/MS: 
10 m/e = 500 (M*^+l); Rt = 4.11 min. iH-NMR 400 MHz (CDdi): 6 1.22-1.28 (s. 9H), 7.18-7.28 

(m. 7H), 7.40-7.43 (m, IH), 7.56-7.59 (m, IH). 8.53-8.56 (m, 2H). 

EXAMPLE90 




15 2-(2-CvclobntvloxvV4-f3-pvridvloxvV5-f4-cMorQDheD vl'>-6-f2.4-dicMoiX)phenvnpvr^ 

2-Methylsulfonyl-4-(3-pyridyloxy)-5-(4KjMorophenyl)-6-(2,4-dichlorophenyl)pyrimidinef^ 
Example 86 (30 mg, 0.06 mmol) with 2 equivalents each of n-butyl lithium and cyclobutyl 
alcohol by the pioceduie described in Reference Examples 6 and 7 to afford 2-(2-cyclobutyloxy- 
20 4-(3-pyridyloxy>5-(4-cMorophenyl)-6-(2,4-dicWorophenyl)pyiiimdine: HPLCVMS: m/e = 498 
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Qt+iy, Rt = 4.16 min. iH-NMR 400 MHz (CDCls): 6 1.70-1.85 (m, 2H), 2.16-2.28 (m, 4H), 
4.93 (m, IH), 7.14-7.38 (m, 7H), 7.40-7.42 (m, IH), 7.55-7.58 (m, IE), 8.52-8.54 (m, 2H). 

EXAMPUE91 



5 




2-(n-PropvloxvV4-f3-pvridvloxvV5-(4-chlQrophenvlV6-(2.4-dicMcm)phenvl>p Y" 

2-Methylsulfonyl-4-(3-pyadyloxy)-5-(4-cMon)phenyl)-6-(2,4-dicMQrophenyl^ 
Example 86 (50 mg, 0.1 mmol) was reacted vdth 2 equivalents each of n-butyl lithium and n- 
10 ptopanol by the proce^ue described in Reference Exanq;>les 6 and 7 to affoid 2-(2-n-ptopyloxy- 
4-(3-pyridyloxy)-5-(4-chlorophenyl)-6-(2,4-dicWon)phenyl)pyrimidine. HPLC/MS: m/e = 486 
(M*+l); Rt = 4.13 min. IH-NMR 500 MHz (CDQa): 6 0.96 (t, 3H). 1.73-1.79 (m, 2H). 4.13- 

4.18 (m, 2H), 7.18-7.30 (m, 7H), 7.40-7.43 (m, IH), 7.60 (m, IH), 8.55 (s, 2H). 
15 EXAMPLB 92 




2-(n-butvloxvV4-(3-pyridvloxvV5-(4-chlorophenvlV6-(2.4-dichlow)phCT y1)pyrimidin 

2-Methylsulfonyl-4-(3-pyridyloxy)-5-(4-chlaroiAenyl)-6-(2,4-dichlQrophenyl) pyrimidine from 
20 Example 86 (50 mg, 0.1 mmol) with 2 equivalents each of n-butyl Uthium and n-butanol by the 
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procedure described in Reference Examq^les 6 and 7 to afford 2-(2-n-biityloxy-4-(3-pyridyloxy)- 
5-(4-chlorophenyl)-6-(2,4-dicMorophenyl)pyrimidine. HPLC/MS: m/e = 500 (M^+1); Rt = 4.34 

min. IH-NMR 500 MHz (CDCI3): 5 0.93 (t, 3H), 1.40-1.46 (m, 2H), 1.70-1.75 (m, 2H), 4.22- 
4.26 (t, 2H), 7.18-7.30 (m, 7H), 7.40-7.42 (m, IH), 7.57-7.60 (m, IH), 8.54-8.55 (m. 2H). 

5 

EXAMPLE 93 




2-(sec-Btttvloxy'>-4-G-pyridyloxvV5-(4-cMorophenvlV6-(2.4-dicMorophenyl)pyrimidine 



10 2-Methylsulfonyl-4-(3-pyridyloxy)-5<4-cWQrophenyl)-6-(2,4-dichlQiophenyl)pyrimidine ftom 
Example 86 (50 mg, 0.1 mmol) was reacted with 2 equivalents each of n-butyl lithium and sec- 
butanol by the procedure desoibed in Reference Examples 6 and 7 to afford 2-(sec-butyloxy)-4- 
(3-pyridyloxy)-5-(4-cWoro-phenyl)-6-(2,4-dicWorc>phenyl)pyrimidine: HPLC/MS: m/e = 500 
(M^+1); Rt = 4.26 min. iH-NMR 500 MHz (CDQa): 6 0.91 (t, 3H). 1.29 (d, J = 6 Hz, 3H), 

15 1.56-1.64 (m. IH), 1.71-1.80(m, IH), 4.81-4.88 (m, IH), 7.18-7.30 (m, 6H), 7.36-7.38 (t, IH), 
7.40-7.43 (m, IH), 7.60 (m, IH), 8.52-8.56 (m, 2H). 

EXAMPLE94 




20 2-(iso-ButvloxvV4-f3-PvridvloxvV5-(4-cMoroDhenvl V6-(2.4-dichlnTnphenvl^Vrimiftinft 
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2-Methylsulfonyl-4-(3-pyridyloxy)-5-(4-chloK)phenyl)-6-(2,4-dicUorophenyl^ 

Example 86 (100 mg, 0.2 mmol) with 2 equivalents each of n-butyl lithium and iso-butyl alcohol 

by the procedure described in Reference Examples 6 and 7 to afford the title compound: 
HPLC/MS: wfe = 500 (M*+l); Rt = 4.31 min. iH-NMR 500 MHz {CDCls): 6 0.96 (d, J = 6 Hz, 

5 6H), 2.02-2.10 (m, IH), 4.01 (d, J = 7 Hz. 2H), 7.18-7.30 (m, 6H), 7.39 (s, IH), 7.40-7.43 (m, 
IH), 7.58-7.60 (m, IH), 8.55 (s, 2H). 



EXAMPLE 95 




10 2-flsopropvIoxv)-4-(3-pvridvloxvV5-(4-chlorophenyl'>-6-(2.4-dichlorophenYl)p Y"iTi'<^i"e 

2-Nfethylsulfonyl-4-(3-pyridyloxy)-5-(4-cUQix>phenyl)-6-(2,4-dicMQro[diraiyl)py^ 

Example 86 (200 mg, 0.4 mmol) with 2 equivalents each of n-butyl lithium and isopropanol by 

the procedure described in Reference Examples 6 and 7 to afford tiie title compound: HPLCVMS: 
15 m/e = 486 (M'+l); Rt = 4.11 min. iH-NMR 400 MHz (CDQa): 6 1.32 (d. J = 6 Hz, 6H), 5.01- 

5.06 (m, IH), 7.17-7.30 (m, 6H), 7.36-7.37 (d, J = 2 Hz. IH), 7.36-7.41 (m, IH), 7.56-7.59 (m. 
IH), 8.53-8.55 (m, 2H). 

EXAMPLE 96 



20 




2-(n-PentvloxvV4-(3-pvridvloxvV5-(4-cMarophaivlV6-(2.4-dicMorophenvl'>pvriiTi^i ;KTift 
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J 

m 



2-Melhylsulfonyl-4-(3-pyridyloxy)-5-(4-chloiophenyl)-6K2^ 

Example 86 (30 mg, 0.06 mmol) was reacted with 2 equivalents each of n-butyl lidiium and n- 

pentanol by the procedure desoibed in Reference Examples 6 and 7 to afford the title compound: 
5 HPLOMS: m/e = 514 (M*+l); Rt = 4.48 min. iH-NMR 400 MHz (CDCI3): 5 0.89-0.91 (t, 3H), 

1.26-1.40 (m, 4H), 1.69-1.76 (m, 2H), 4.19-4.22 (t, 2H), 7.15-7.28 (m, 6H), 7.35 (d, J = 2 Hz, 
IH), 7.40-7.43 (m, IH), 7.58-7.61 (m, IH), 8.52-8.55 (m, 2H). 



EXAMPUB97 



10 




2-CVclopiopvloxv-4-(4-pvridvloxvV5-(4-cMorophenvlV-6-r2.4-dicMQrophenvlVvrin^i^p ft 

2-Cyclopropyloxy-4-methylsu]fonyl-5-(4-cMorophenyl)-6-(2,4-dicUorophenyl)pynmidine(I^^ 

product) (Example 55, Step A), (25 mg, 0.05 mmol) was reacted with 1.1 equivalents each of 

15 sodium hydride (60% in oil, 2.5 mg, 0.06 mmol) and 4-hydroxypyridine (5.9 mg, 0.062 mmol) 

by the procedure described in Examples 16 to afford the title compound: HPLCTMS: m/e = 498 
(M^+1); Rt = 3.49 min. iH-NMR 400 MHz (CDCI3): 5 1.60-1.90 (m, 4H), 2.74 (m, IH), 4.12 

(d, J = 7 Hz, 2H), 7.10 -7.18 (m, 3H), 7.20-7.30 (m, 5H), 7.35 (d, J = 2 Hz, IH). 8.66 (d, J = 6 
Hz,2H). 

20 

EXAMPLE 98 
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2.4-Bis-(4-pvridvloxvV5-(4-cMorophenvlV6-(2.4-dicMorophenvl")p\TOmdine 

2,4-Bis-<methylsulfonyl)-5-(4-chlQn>phenyl)-6-(2,4-dichlQi^ pyiimidine from Reference 

Example 5 (500 mg, 1.02 mmol) was reacted with 1.1 eqiuvalents each of sodium hydride (60% 

5 in oil, 45 mg, 1.12 mmol) and 4-hydioxy-pyridine (106.4 mg, 1.12 mmol) by the general 

procedure described in Example 16 to afford the title conq)oiind: iH-NMR 400 MHz (CDCI3): $ 

6.38 (d, J = 8 Hz, 2H), 7.17-7.21 (m, 4H), 7.25-7.31 (m, 4H), 7.42 (d, J = 2 Hz, IH), 8.53 (d. J = 
8 Hz, 2H), 8.75 (d, J = 5 Hz, 2H). 



10 EXAMPLE 99 




2-(Isobutyloxv>4-G.4-difluorophenoxyV5-(4-cMorophenylV6-(2.4-dicMorophenyl)pvrim^ 

2-Metfaylsulfonyl-4-(3,4-difluorophenoxy)-5-(4-cMoTophenyl)-6-(2,4-dicMorophenyl)pyrimidine 

from Example 20 (65 mg, 0.12 mmol) was reacted with 2 equivaloits each of n-butyl lithium and 

15 isobutyl alcohol by tbe (n-ocedure described in Reference Example 6 and 7 to yield the title 

compound: HPLOMS: m/e = 535 QJt+l); Rt = 5.28 min. iH-NMR 400 MHz (CDCI3): § 0.97 

(d, J = 7 Hz, 6H), 2.07 (m, IH). 4.01 (d, J = 7 Hz, 2H), 6.90-6.94 (m, IH), 7.05-7.10 (m, IH), 
7.12-7.28 (m, 7H), 7.34 (d, J = 2 Hz, IH). 

20 EXAMPLE 100 
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10 



2-(Cyclopropylinethoxy)-4-(3,4-difluaK>phraoxy)-5-(4-chlorophenyl)-6-(2,4- 

dichloroph ftnyl)pYriTnidine 

2-Methylsulfonyl-4-(3,4-difluorophenoxy>5-(4-cMorophenyl)-6-(2,4-dicWorophen^ 

from Example 20 (65 mg, 0.12 mmol) was reacted with 2 equivalents each of n-butyl lithium and 

cyclopropylmethanol by the procedure described in Reference Example 6 and 7 to afford the title 
compound: HPLC/MS: m/e = 533 (I^+l); Rt = 5.12 min. iH-NMR 400 MHz (CDQa): § 0.56- 

0.61 (m, 2H), 1.23-1.30 (m, 2EI), 1.57 (s, IH), 4.01 (d, J = 7 Hz. 2H), 6.90-6.94 (m, IH), 7.04- 
7.10 (m, IH), 7.12-7.28 (m, 7H), 7.35 (d, J = 2 Hz. IH). 

EXAMPLE 101 




15 



2-asopropvloxv')-4-(3.4-difluoroDhenoxvV5-(4-cMcMrophenvlV6-f2.4-dicMor "phftnYl>pY"mirfi^ 
2-Methylsulfonyl-4-(3.4-difluorophenoxy)-5-(4-cWQrophaiiyl)-6-(2,4-dicWorophenyl)pyrimidin< 

£tom Example 20 (30 mg, 0.06 mmol) with 2 equivalents each of n-butyl lithium and isopcopyl 

alcohol by the procedure described in Refoence Example 6 and 7 to afford the title compound: 
HPLC/MS: m/e = 521 (M*+l); Rt = 4.93 min. iH-NMR 400 MHz (CDCI3): 6 1.33 (d. J = 6 

Hz, 6H), 5.02-5.09 (m, IH), 6.90-6.94 (m. 11^. 7.04-7.10 (m. IH), 7.12-7.28 (m, 7H), 7.35 (d. J 
= 2Hz,lH). 
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EXAMPLE 102 




2-Etfaoxv-4-G4-di fluorophenoxvV5-(4-cMoroDhenvlV6-(2.4-^KcMQrophCTv1YY"Tniriin 
5 2-Methylsulfonyl-4-(3,4-difluorophenoxy>5-(4K;Maroi*ra^^ 

from Example 20 (30 mg, 0.06 mmol) was reacted with 2 equivalents each of n-butyl lithium and 
ethanol by the procedure described in Reference Example 6 and 7 to a£fotd the title compound: 
HPLC/MS: m/e = 507 (M^+1); Rt = 4.85 min. iH-NMR 400 MHz (CDOs); S 1.36-1.40 (t, 3H), 

4.28-4.38(dd, J = 9 Hz, J = 7 Hz, 2H), 6.90-6.94 (m, IH), 7.04-7.10 (m, IH), 7.12-7.28 (m. 7H). 
10 7.35 (d, J = 2 Hz, IH). 

EXAMPLE 103 




F 



2-(N-Pym)lidinyl)-4-(3,4-difluorophenoxy>-5-(4-chlQrophenyl)-6-(2,4- 

15 dichloropbenYl)pyriniidiTift 

To a sealed tube fitted with a magnetic stiner bar was added 2-iDethylsulfonyl-4-(3,4- 
difluorophenoxy>5-(4-cMorophenyl)-6-(2,4-dichlorophenyI)pynmidine (from Example 20) (30 
mg, 0.06 mmol), lO eq. of pyrrolidine and THE, flushed with nitrogen. Hie reaction was heated 
at 60*^0 overnight in the sealed tube. The solvent was removed under reduced pressure. Hash 
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colunm chromatography on silica gel (eluted \vi& 90/10 hexanes/ethyl acetate) afforded the title 
compound: HPLOMS: m/e = 532 (M^+1); Rt = 4.9 min. iH-NMR 500 MHz (CDOs); § 1.91- 

2.00 (m, 4H), 3.23-3.40 (s, 2H), 3.45-3.62 (s, 2H), 6.89-6.94 (m, IH), 7.08-721 (m, 8H), 7.35 (s, 
IH). 



2-(NJ^\N'-Tiimethyl-ethylenedianiino)-4-(3,4-difluorophOTOxy)-5-(4-cMorophrayl)-6-(2,4- 

dichlorophenvDpvrimidine 

10 2-Mefhylsulfonyl-4-(3,4-difluQrophienoxy>5-(4-cMQrophenyl)-6-(2,4-dichlQrophe 

(from Example 20) (30 mg, 0.06 mmol) was reacted with excess N^' 

trimethylethylenedianine (0.3 mL) in TEIF in a sealed tube at 60°C overnight by general 

procedure described in Example 103 to afford the title compound: HPLCyMS: m/e = 563 
OVr'+l); Rt = 3.68 min. iH-NMR 500 MHz (CDCI3); § 2.08-2.58 (m. 6H). 2.93-3.20 (m, 4H), 

15 3.45-3.80 (m, 3H), 6.90-6.94 (m, IH), 7.04-7.20 (m, 8H), 7.34 (d, J = 2 Hz, IH). 



5 



EXAMPLE 104 




F 



EXAMPLE 105 




2-(N-piperidvlV443.4-<^fluorQDhenoxvV5-(4-cMorophenylV6-(2.4-dicMoropbenvl^pyrimidi^ 
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2-Methykulfonyl-4K3,4-dmucMX)phenoxy)-5<4-cWoiophenyl>6K2,4-dicMo^^^ 
(from Example 20) (30 mg, 0.06 mmol) was reacted with excess piperidine (0.5 mL) in THF in a 
sealed tube at 60°C overnight by general procedure described in Example 103 to afford the title 
compound: HPLCTMS: w/e = 546 (M*^+l); Rt = 5.36 min. iH-NMR 400 MHz (CDQa); 8 0.85- 

0.95 (m, 2H), 1.71-1.59 (m, 2H), 1.60-1.69 (m, 2H), 3.55-3.65 (s, 4H). 6.89-6.94 (m, IH). 7.08- 
7.21 (m, 8H), 7.35 (d, J = 2 Hz, IH). 

EXAMPLE 106 




2-(N-morpholinyl)-ethylenediamino-4-(3,4-difluorophenoxy>5-(4-chlarophenyl)-6-(2,^ 
dichlorophenvl'tpyrimiHiiift 

2-Mfithylsulfonyl-4-(3,4-difluorophenoxy>5-(4-cWorophenyl)-6-(2,4-dichlarophenyl)pyr^ 
(from Example 20) (30 mg, 0.06 mmol) with excess morpholine (0.5 mL) in THF in a sealed 
tube at 60°C overnight by general procedure described in Example 103 to afford the title 
compound: HPLCYMS: m/e = 548 (M^+1); = 4.96 min. iH-NMR 400 MHz (CDCI3): § 3.60- 

3.75 (m, 8H), 6.89-6.94 (m, 11^, 7.02-7.08 (m, IH). 7.08-7.21 (m, 7H), 7.35 (d, J = 2 Hz, IH). 



EXAMPLE 107 




F 
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2-Dimethylamino-4-(3,4-difluorophenoxy)-5-(4-cMorophenyl)-6-(2^ 

dichloropbeny1)pYrirriidine 

2-Methylsulfonyl-4-(3,4-difluorophenoxy>5-(4-cU(m>phenyl)-6-(2,4-dicM^ 
(ficom Eitample 20) (100 mg, 0.19 mmol) was reacted with excess diinethylamine (0.14 mL, 0.28 
5 mmol) in THF in a sealed tube at 60**C overnight by general procedure described in Example 103 
to afford the title compound: HPLC/MS: m/e = 506 (M*+l); % = 4.99 min. iH-NMR 400 MHz 

(CDCI3); 5 3.00-3.20 (s, 6H), 6.89-6.94 (m, IH), 7.08-7.21 (m. 8H), 7.35 (d, J = 2 Hz, IH). 



EXAMPLE 108 



10 




2-fl^-PvrroHdinvlV 4-(3-DviidvloxvV5-(4-cMorophenvn-6-(2.4-dicMorophenynpvrimiriiiift 
2-(N-pyrrolidinyl)-4-methylsulfonyl -5-(4-chlorophenyl)-6-(2,4-dichlorophenyl)pyrimidine (HRf 
product from Example 36, Step A (50 mg, 0.10 mmol) was reacted with 2 equivalents each of n- 

butyl lithium and 3-hydroxypyridine by the procedure described in Reference Example 6 and 7 
15 to afford the title compound: HPLOMS: m/e = 497 (M*^+l); Rt = 3.84 min. iH-NMR 400 MHz 

(CDCls): 8 1.91-2.00 (m, 4H), 3.23-3.35 (s, 2H), 3.55-3.62 (s, 2H), 7.08-7.21 (m, 6H), 7.35- 
7.39 (m, 2H). 7.56-7.58 (m, IH), 8.48 (d, J = 6 Hz, IH). 8.58 (s, IH). 

EXAMPLE 109 



20 




2-Methvlsulfonvl-4-f2-pvridvloxvV5-(4-chloTophenvn-6-r2.4-dichlQrophenvl>pvrini^i^i p ^ 
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L. 

2,4-Bis(methylsulfonyl)-5-(4-chlorophenyl)-6-(2, 4-dichlorophenyl) pynmidine from Reference 

Example 5 (200 mg, 0.41 mmol) was reacted with 1.0 equivalent of n-butyl lithimn and 1.1 

equivalent of 2-hydioxypyridine by the procedure described in Exaiiq)le 86 to afford the title 
compound: iH-NMR 400 MHz (CDCI3); 8 3.22 (s, 3H), 7.15-7.33 (m, 8H), 7.38 (d, J = 2 Hz, 

5 IH), 7.85-7.90 (m. IH), 8.30-8.42 (m, IH). 



EXAMPLE 110 




2-(2-Isopropyloxy)-4-(2-pyridyloxy)-5-(4-chlQrophenyl)-6-(2,4-dichlorophenyl)pyrimidine 
10 

2-Methylsulfonyl-4-(2-pyridyloxy)-5-(4-cMorophenyl)-6-(2,4-dicUorophenyl)pyii^ 
Example 109 (50 mg, 0.1 mmol) with 2 equivalents each of n-butyl lithium and isopropanol by 
the procedure described in Reference Exanq>les 6 and 7 to afford the title compound: HPLCVMS: 
m/e = 486 (M*+l); Rt = 4.51 min. iH-NMR 400 MHz (CDCI3); 8 1.30 (d, J = 6 Hz, 6H), 5.00- 

15 5.05 (m, IH), 7.08-7.19 (m, 2H), 7.19-7.25 (m, 6H), 7.35 (d, J = 2 Hz, IH), 7.79-7.83 (m, IH), 
8.42 (m, IH). 

EXAMPLE 111 




20 2-( NJ^',N'-Triinethyl-ethylenediamino>4-(2-pyridyloxy)-5-(4-chlotophenyl)-6-(2,4- 
dichlorophenvl'>pvriTnidine 
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2-Methylsiilfonyl-4-(2-pyridyloxy)-5-(4-cUorophenyl)-6-(2,4-dicM pyrimidine from 

Example 109 (47 mg, 0.09 mmol) was leacted with with excess NJ^f * J^^*- 

tmnethylethylenediamine (0.5 mL)in THP at a sealed tube 60°C oveinight by the general 

procedure described in Example 103 to afford the tiUe compound HPLC/MS: m/e = 528 

Rt = 3.28 min. iH-NMR 400 MHz (CDQs): 8 2.05-2.60 (m, 6H), 2.80-3.20 (m, 4H), 3.40-3.80 

(m, 3H). 7.08-7.19 (m, 2H), 7.19-7.22 (m, 6H), 7.35 (d, J = 2 Hz, IH), 7.76-7.81 (m, IH). 8.40- 
8.42 (m, IH). 



EXAMPLE 112 




2-f2-Pviiolindvn-4-f2-DvridvloxvV5-(4-cMorophenvlV6-f2.4-dicMorophenvl'>pvriniirifp^^ 

2-Methylsulfonyl-4-(2-pyridyloxy)-5-(4-chlorophenyl)-6-(2,4-didilorophenyl) pyrimidine from 

Example 109 (45 mg, 0.09 mmol) was reacted with excess pyrrolidine (0.5 mL) in THE at a 

sealed tube 60*'C for overnight by general procedure Example 103 to afford the title conqpound: 
HPLC/MS: m/e = 497 (Wt+l); Rt = 4.21 min. iH-NMR 400 MHz (CDCI3): 5 1.85-1.95 (s, 

4H), 3.20-3.60 (m, 4H), 7.00-7.19 (m, 8H), 7.31 (d, J = 2 Hz, IH), 7.75-7.80 (m, IH), 8.38 (m, 
IH). 



EXAMPLE 113 




2-(Methylsulfonyl>4-methoxy-5-(4- 2-^fethoxy-4-(methylsuIfonyl)-5-(4- 
chlorophenyl)-6-(2,4- chlorophenyl>-6-(2,4- 
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dichlorDphmvl)p\aiimdine dicMorophenvl^pyrimidine 

2,4-Bis(methylsulfanyl)-5-[4-chloiophenyl]-6-[2, 4-dicWon)phenyl]pyiiimdiiie from Reference 

Example 5 (2.0 g, 4.1 mmol) was leacted with 1.0 equivalent each of n-butyl lithium and 

methanol by the procedure described in Reference Example 6 and 7 to afford 2-(meihylsulfonyl)- 

4-methoxy-5-<4-chlorophenyl)-6-(2,4-dichlorophenyl) pyrimidine and 2-methoxy-4- 

5 (methylsulfonyl)-5-(4-cMorophenyl)-6-(2,4-dicMon)-phenyl)pyrin^ as a mixture: 
HPLC/MS: m/e = 443 (M^+l); Rt = 3.57-3.89 min. 



EXAMPDB114 




2-(3,4-Difluorophenyloxy)-4-methoxy- 2-Methoxy-4-(3,4- 
5-(4-chlorophenyl)-6-(2,4- difluorophenyloxy)-5-(4- 
dichlorophenYl)pyriTnidtiie (HRf) chlorophenyl)-6-(2,4- 

dichlorophenvnpvriniidine (LRf) 

10 A mixture of 2-(melhylsulfonyl)-4-methoxy-5-(4K5Worophenyl)-6-(2,4-^ 

pyrimidine and 2-naethoxy-4-(methylsulfonyl>5-(4-cMoro-phenyl)-6-(2,4-dicMoro^ 
pyrimidine ( 1.6 g, 3.6 mmol)ftom Example 113 was reacted with 2 equivalents each of sodium 
hydride (60% in oil, 0.29 g, 7.2 namol) and 3,4-difluorophenol ( 0.94 g, 7.2 mmol) by the 
procedure described in Example 16 to afford a mixture of 2-(3,4-difluorophenyloxy)-4-methoxy- 

15 5-(4-chlorophenyl)-6-(2,4-dicWorophenyl)pyrimidine and 2-methoxy-4-(3,4-difluQrophenyloxy)- 

5-(4-chlorophenyl)-6-(2,4-dichlorophenyl)pyrunidine which was s^arated by flash 

chromatography on silica gel. 2-(3,4-difluorophenyloxy>4-methoxy-5-(4-chlorophenyl)-6-(2,4- 
dichlorophenyl)pyrimidine (HRf): HPLC/MS: m/e = 493 (iVr+1); Rt = 4.72 min. iR-NMR 400 

MHz (CDCI3): 5 3.95 (s, 3H). 7.02-7.08 (m, 4H), 7.13-7.25 (m, 5H), 7.35 (d. J = 2 Hz, IH). 2- 
20 methoxy-4-(3,4-difluorophenyl-<)xy)-5-(4-cMorophenyl)-6-(2,4-dichloropheny^^^ 
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(LRf): HPLC/MS: m/e = 493 (M*+l); Rt = 4.74 min. iH-NMR 400 MHz (CDCI3): 8 3.93 (s, 
3H), 6.90-6.94 (m, IH), 7.04-7.10 (m, IH), 7.12-7.28 (m. 7H), 7.35 (d, J = 2 Hz, IH). 

EXAMPLE lis 






2-(3-Fluorophenyloxy)-4-methoxy-5-(4- 
chlorophenyl>-6-(2,4- 
dichlorophenynpyrimidine (HRf) 



2-Methoxy-4-(3-FIuQrophenyloxy)- 
5-(4-chloroph©ttyl)-6-(2,4- 
dichloroph enYl)pY"Tni dine flLRfi 



A mixture of 2-(me%lsulfonyl)-4-methoxy-5-(4-Kjhloiophenyl^^ 

pyiimidine and 2-methoxy-4-(methylsulfonyl)-5-(4-cWoix>-phe 

pyiimidine (Example 113) was reacted with 3 equivalents each of n-butyl lithium and 3- 

fluorophenol by the procedure described in Reference Example 6 and 7 to affoxd a mixture of 2- 

10 (3-fluorophenyloxy)-4-methoxy-5-(4-cMoit>phenyl)-6-(2,4-dicUoropheny^^^ and 2- 

methoxy-4-(3-fluoro-phenyloxy>5-(4-cWorophenyl>6K2,4-dicWorophe^^ 

was separated by flash column chromatography on silica gel. 2-(3-fluorophenyloxy)-4- 

methoxy-5-(4-cWorophenyl)-6-(2,4-dichlorophenyl>pyriniidine (EiRf): HPLC/MS: m/e = 475 
(M^+l); Rt = 4.82 min. iR-NMR 400 MHz (CDCI3): 5 3.93 (s, 3H), 6.90-6.94 (m. IH), 7.04- 

15 7.19 (m, 5H), 7.12-7.40 (m, 5H); 2-methoxy-4-(3-fluorophenyl-oxy)-5-(4-chlorophenyl)-6-(2,4- 
dichlorophenyl)-pyrimidine (LElf): HPLC/MS: m/e = 475 (M^+1); Rt = 4.74 min. iH-NMR 400 

MHz (CDCI3): 3.90 (s, 3H), 6.55-6.65 (m, IH), 6.95-7.00 (m, IH), 7.12-7.40 (m, 9H). 



20 



EXAMPLE 116 
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2-Methoxy-4-(2-pyridyloxy)-5-(4- 2-(2-Pyridyloxy)-4-methoxy-5-(4- 
chlorophenyl)-6-(2,4- chlorophenyl)-6-(2,4- 

dichloiophet^Y^)P Y""^''^'" g ^HRf^ dichlorophe" Y^)pY""^^'^^" fe ^ 

A mixture of 2-(methylsulfonyl)-4-methoxy-5-(4-cWorophenyl)-6K2,4-dichloropheny0^ 

pyrimidine and 2-methoxy-4-(methylsulfonyl>5-(4K:hloro-phenyl>6-(2,4-dichlorophenyl)- 
pyhmidine (Example 113) was reacted with 3 equivalents each of n-butyl lithium and 2- 
hydroxypyiidine by the procedure described in Reference Example 6 and 7 to afford a mixture of 
2-methoxy-4-(2-pyridyloxy)-5-(4-cWorophenyl)-6-(2,4-dichlorophenyl)pyrimidine and 2-(2- 
pyridyloxy)4-methoxy-5-(4-chlorophenyl)-6-(2,4-dichlorophenyl)pyrimidine which was 

separated by flash column chromatography on silica gel. 2-methoxy-4-(2-pyridyloxy)-5-(4- 
chlorophenyl)-6-(2,4-dichlorophenyl)pyrimidine (HRf): HPLC/MS: m/e = 458 ^+1); Rt = 

4.18 min. iH-NMR 400 MHz (CDCI3): 5 3.89 (s, 3H), 6.90-6.94 (m, IH), 7.09-7.28 (m, 7H), 

7.36 (m, IH), 7.79-7.81 (m, IH), 8.40-8.42 (m, IH); 2-(2-pyridyloxy)-4-methoxy-5-(4- 
chlorophenyl)-6-(2,4-dichlorophenyl)pyrimidine (LRf): HPLOMS: m/e - 458 (N^+1); Rt = 

3.70 min. iH-NMR 400 MHz (ClOa): 5 4.07 (s. 3H), 6.25-6.29 (m, IH). 6.67 (d, J = 9 Hz, 
IH), 7.09-7.28 (m, 6H), 7.35 (d, J = 2 Hz, IH), 7.38-7.43 (m, IH), 7.68-7.70 (m, IH). 
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2-Methoxy-4-(S-K;hlQio-3- 

2- (5-Chloro-3-pyridyloxy)-4-methoxy-5- pyridyloxy)-5-(4-chloiophenyl)-6- 
(4-chlorophenyl)-6-(2,4- (2,4-dichlQrophenyl)- 
dichlorophenvDpvrimidine fHRfi pyriTnirfine (T JRf^ 

A mixtme of 2-(inelhylsulfonyl)-4-methoxy-5-(4-chlorophenyl)-6-(2,4-dicM(^ 

pyrimidine and 2-methoxy-4-(methylsulf<myl>5-(4-cUon)-phenyl)-6-(2,^ 

pyiimidine (Example 113) was reacted with 3 equivalents each of n-butyl lithium and S-chloio- 

3- hydioxypyridine by the procedure described in Reference Example 6 and 7 to afford a mixture 
5 of 2-(5<Woro-3-pyridyloxy)-4-inethoxy-5-(4-cMorophenyl)-6-(2,4-dichlorophenyl)pyii^ 

and 2-inethoxy-4-(5-cMon)-3-pyridyloxy)-5-(4-chlorophenyl)-6-(2,4-dichlorophaiyl) pyrimidine 
which was separated by flash column chromatography on silica gel. 2-(5-chloro-3-pyridyloxy)- 

4- methoxy-5-(4-chlorophenyl)-6-(2,4-dichlotophenyl) pyrimidine (HRf): HPLC/MS: m/e - 492 
(MT+I); Rt = 4.90 min. iH-NMR 400 MHz (CDQs): 5 3.98 (s, 3H), 7.00-7.06 (m. 3H), 7.13- 

10 7. 15 (m, IH), 7.22-7.24 (m, 2H). 7.33 (d, J = 2 Hz, IH), 7.73-7.74 (m, IH). 8.46 (d, J = 2 Hz, 
IH), 8.56 (d, J = 2 Hz, IH); 2-methoxy-4-(5-chlQro-3-pyridyloxy)-5-(4-chlorophenyl)-6-(2.4- 
dichloio-phenyl)pyiimidine (LRf): HPLOMS: m/e - 492 (M^+1); Rt = 4.70 min. iR-NMR 400 
MHz (CDCI3): 5 3.93 (s, 3H), 7.14-7.17 (m, 3H), 7.21-7.28 (m, 3H), 7.36 (d, J = 2 Hz, IH), 7.62 

(m, IH), 8.43 (d, J = 2 Hz, IH), 8.49 (d, J = 2 Hz, IH). 




2- (3-Pytidyloxy)-4-methoxy-5-(4- 2-Methoxy-4-(3-pyridyloxy)-5-(4- 
chlorophenyl)-6-(2,4- chlorophffliyl)-6-(2,4- 
dichlorophePYl)p yriniidine (HRfi dichlorophen vnpvrimidine flJlft 

A mixture of 2-(methylsulfonyl)-4-methoxy-5-(4-chlorophenyl)-6-(2,4-dichlorophenyl)- 
pyrimidine and 2-methoxy-4-(methylsulfonyl)-5-(4-chlorophenyl)-6-(2,4-dichlorophenyl)- 
20 pynmidine (Example 113) was reacted with 2 equivalents each of n-butyl lithium and 5-chloFO- 

3- hydroxypyridine by the procedure described in Reference Exanqile 6 and 7 to afford a mixture 
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